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(54) CONTROLLER OF VARIABLE CYLINDER ENGINE AND CONTROLLER OF VEHICLE 



(57) Providing a control apparatus for a variable-cyl- 
inder engine or a vehicle control apparatus, which per- 
mits a further improvement in the fuel economy of the 
vehicle. Decompression-state setting means 102 is ar- 
ranged to place appropriate ones of non-operating cyl- 
inders of the variable-cylinder engine 10 in the decom- 
pression state, on the basis of regenerative braking 



state of vehicle detected by regenerative-braking-state 
detecting means 100, so that only a required minimum 
number of the non-operating cylinders of the variable- 
cylinder engine 10 is/are placed in the decompression 
state, depending upon the detected regenerative brak- 
ing state of the vehicle, making it possible to not only 
improve fuel economy of the vehicte but also assure suf- 
ficient engine braking of the vehicle. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a control ap- 
paratus for an automotive vehicle to be driven by a var- 
iable-cylinder engine and an electric motor or a motor/ 
generator as drive power sources, and a control appa- 
ratus for the variable-cylinder engine, and more partic- 
ularly to techniques for improving fuel economy of the 
vehicle. 

BACKGROUND ART 

[0002] There is known a hybrid drive system for an 
automotive vehicle, wherein a power transmitting mech- 
anism connected to drive wheels is connected to an en- 
gine and an electric motor or a motor/generator. JP^A- 
11-350995 discloses an example of such a hybrid drive 
system, which uses a variable-cylinder engine which is 
selectively operable in one of a full-cylinder operating 
state and a partial-cylinder operating state (reduced-cyl- 
inder operating state). All of the cylinders of the engine 
are operated in the full-cylinder operating state, and 
some of the cylinders are operated in the partial-cylinder 
operating state. The present hybrid drive system is fur- 
ther arranged such that a kinetic energy of the vehicle 
during deceleration thereof is converted by regenerative 
braking operation of the electric motor into an electric 
energy, which is stored for use by the electric motor to 
provide an assisting drive torque upon starting of the ve- 
hicle, for instance, to thereby improve the fuel economy 
of the vehicle. 

[0003] However, a need to improve the fuel economy 
of the vehicle is unlimited, and there has been a demand 
for a further improvement in the fuel economy of such a 
vehicle using a variable-cylinder engine and an electric 
motor as drive power sources, as described above. 
[0004] The present invention was made in view of the 
background situation described above. It is therefore an 
object of this invention to provide a control apparatus for 
a variable-cylinder engine or an automotive vehicle con- 
trol apparatus, which apparatus permits a further im- 
provement in the fuel economy of the vehicle. 

DISCLOSURE OF INVENTION 

[0005] The above object may be achieved according 
to the principle of this invention, which provides a control 
apparatus for a variable-cylinder engine, characterized 
by comprising (a) regenerative-braking-state detecting 
means for detecting a regenerative braking state of a 
vehicle, and (b) decompression-state setting means for 
placing selected ones of non-operating cylinders of the 
variable-cylinder engine in a decompression state, on 
the basis of the regenerative braking effect of the vehicle 
detected by the regenerative-braking-effect detecting 
means. 



[0006] In the present control apparatus, the decom- 
pression-state setting means is arranged to place ap- 
propriate ones of the non-operating cylinders of the var- 
iable-cylinder engine in the decompression state, on the 
5 basis of the regenerative braking state of the vehicle de- 
tected by the regenerative-braking-state detecting 
means in the decompression state, so that only a re- 
quired minimum number of the non-operating cylinders 
of the variable-cylinder engine 10 is/are placed in the 
10 decompression state, depending upon the detected re- 
generative braking state of the vehicle, making it possi- 
ble to not only improve the fuel economy of the vehicle 
but also assure sufficient engine braking of the vehicle. 
[0007] Where the variable-cylinder engine has a pair 
15 of banks each of which has a plurality of cylinders and 
which are operable independently of each other, the de- 
compression-state setting means is preferably arranged 
to place both of the two banks of the variable-cylinder 
engine in the compression state when the regenerative- 
20 braking-state detecting means has not detected a re- 
generative braking state of the vehicle, and place one 
of the two banks of the variable-cylinder engine in the 
compression state and the other bank in the decompres- 
sion state when the regenerative-braking-state detect- 
25 ing means has detected a regenerative braking state of 
the vehicle. In the decompression state, the cylinder 
chamber is in a non-compressed state even in the com- 
pression stroke. While the vehicle is not placed in a re- 
generative braking state, the engine provides an appro- 
30 priate engine-braking effect since the two banks are 
both placed in the compression state. While the vehicle 
is placed in a regenerative braking state, on the other 
hand, the engine-braking effect is reduced by an amount 
corresponding to the amount of regenerative braking ef- 
35 feet, since one and the other of the two banks are placed 
in the compression state and the decompression state, 
respectively, so that the total braking effect applied to 
the vehicle is substantially equal to that while the vehicle 
is not placed in the regenerative braking state, and the 
40 fuel economy is improved owing to the regeneration of 
an electric energy in the regenerative braking state. 
[0008] The present control apparatus is preferably 
provided with engine-stop-mode detecting means for 
determining whether the vehicle is running in an engine- 
45 stop running mode, for instance, in a motor-drive mode 
or a fuel-cut mode, with the variable-cylinder being held 
at rest. In this case, the regenerative-braking-state de- 
tecting means is operated to detect the regenerative 
braking state of the vehicle, when the engine-stop-mode 
50 detecting means has detected that the vehicle is running 
in the engine-stop running mode. This arrangement is 
effective to improve the fuel economy of the vehicle and 
assure a sufficient engine braking effect, while the ve- 
hicle is running in the regenerative braking state and in 
55 the engine-stop mode with the variable-cylinder engine 
being held at rest. 

[0009] The present control apparatus is preferably 
provided with engine-restart-possibility determining 
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means for determining whether there is a possibility that 
the variable-cylinder engine will be restarted. In this 
case, the regenerative-braking-state detecting means is 
operated to detect the regenerative braking state of the 
vehicle, when the engine-restart-possibility determining 
means determines that there is a possibility that the var- 
iable-cylinder engine will be restarted. The decompres- 
sion-state setting means is arranged to place one of the 
banks of the variable-cylinder engine in the compres- 
sion state and the other bank in the decompression 
state, when the regenerative-braking-state detecting 
means has detected a regenerative braking state of the 
vehicle. In the regenerative braking state of the vehicle, 
therefore, one of the banks is placed in the compression 
state so that the variable-cylinder engine can be restart- 
ed in a short time when the engine is commanded to be 
restarted. 

[001 0] The present control apparatus is preferably ar- 
ranged such that when the engine-restart-possibility de- 
termining means indicated above determines that there 
is not a possibility that the variable-cylinder engine will 
be restarted, the decompression-state setting means 
places both banks of the variable-cylinder engine in the 
compression state if the regenerative-braking-state de- 
tecting means has not detected a regenerative braking 
state of the vehicle, and places both banks of the vari- 
able-cylinder engine in the decompression state if the 
regenerative-braking-state detecting means has detect- 
ed a regenerative braking state of the vehicle. This ar- 
rangement is advantageous in that an adequate engine 
braking effect is obtained while the vehicle is not placed 
in a regenerative braking state in which both banks are 
placed in the compression state, and that the amount of 
electric energy generated by the regenerative braking 
is maximized while the vehicle is placed in the regener- 
ative braking state in which both banks are placed in the 
decompression state. 

[0011] The object indicated above may also be 
achieved according to a second invention, which pro- 
vides a control apparatus for a variable-cylinder engine 
to which an electric generator is operatively connected, 
characterized by comprising (a) electricity-generating- 
mode determining means for determining whether it is 
required to establish an electricity generating mode in 
which the electric generator is operated to generate an 
electric energy, and (b) cylinder-number switching 
means, operable when the electricity-generating-mode 
determining means determines that it is required to es- 
tablish the electricity generating mode, for placing the 
variable-cylinder engine in a partial-cylinder operating 
state. 

[0012] In the present control apparatus, the cylinder- 
number switching means places the variable-cylinder 
engine in the partial-cylinder operating state, when the 
electricity-generating-mode determining means deter- 
mines that the electric generator is required to be oper- 
ated to generate an electric energy. Thus, the engine is 
operated in the partial-cylinder operating state when it 



is necessary to generate an electric energy. According- 
ly, the fuel economy during the operation of the electric 
generator is improved, since the electric generator is op- 
erated by the variable-cylinder engine operated with a 
5 reduced loss of rotary motion. 

[0013] Where the variable-cylinder engine has a pair 
of banks each of which has a plurality of cylinders and 
which are operable independently of each other, the cyl- 
inder-number switching means is preferably arranged 
to place one of the banks of the variable-cylinder engine 
in the operating state and place the other bank in the 
decompression state, when the electricity-generation- 
mode determining means determines that the electric 
generator is required to be operated to generate an elec- 
tric energy. Accordingly, the loss of rotary motion of the 
variable-cylinder engine is further reduced to according- 
ly improve the fuel economy during the generation of an 
electric energy. 

[0014] The cylinder-number switching means is pref- 
erably arranged to change the number of the operating 
cylinders of the variable-cylinder engine which are used 
to operate the electric generator, depending upon 
whether the presently selected operating position of a 
shift lever of the vehicle is one of drive positions as the 
positions, or one of non-drive positions. Namely, the var- 
iable-cylinder engine is placed in the full-cylinder oper- 
ating state when the output torque oscillation of the var- 
iable-cylinder engine is transmitted to the vehicle 
wheels through the power-transmitting path, with the 
shift lever placed in any drive position. The variable-cyl- 
inder engine is placed in the partial-cylinder or single- 
bank operating state when the output torque oscillation 
of the variable-cylinder engine is not transmitted to the 
vehicle wheels, that is, when the power-transmitting 
path is cutoff with the shift lever placed in any non-drive 
positions. This arrangement is effective to reduce the 
vehicle vibration while the electric generator is operated 
by the variable-cylinder engine. 

[0015] The cylinder-number switching means is pref- 
erably arranged such that the number of the operating 
cylinders of the variable-cylinder engine during running 
of the vehicle is in principle changed depending upon 
the number of the operating cylinders determined ac- 
cording to a stored drive-power-source data map, so 
that the electric generator is operated by the variable- 
cylinder engine the number of the operating cylinders of 
which is determined according to the drive-power- 
source data map. Accordingly, the fuel economy while 
the vehicle is running is also improved. 
[0016] According to a third invention which is princi- 
pally identical in concept with the inventions described 
above, there is provided a control apparatus for a vehi- 
cle to be driven by both or one of a variable-cylinder en- 
gine and an electric generator, as a drive power source, 
characterized by comprising (a) vehicle-deceleration 
detecting means for determining whether the vehicle is 
in a decelerating state, and (b) drive-power-source brak- 
ing control means operable when the vehicle-decelera- 
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tion detecting means determines that the vehicle is in a 
deceleration state, for controlling a braking torque pro- 
duced by the drive power source, on the basis of a re- 
generative braking torque produced by the electric gen- 
erator, and an amount of decompression of non-operat- 
ing cylinders of the variable-cylinder engine. 
[001 7] I n the present arrangement, the braking torque 
produced by the drive power source during deceleration 
of the vehicle is controlled by the drive- power-source 
braking control means, on the basis of the regenerative 
braking torque produced by the electric generator and 
the amount of decompression of the non-operating cyl- 
inders of the variable-cylinder engine. Thus, the drive- 
power-source braking torque is adjusted according to 
the decompression amount of the variable-cylinder en- 
gine, as well as the regenerative braking torque. Name- 
ly, the number of parameters used to control the decel- 
eration value of the vehicle is increased, so that the de- 
celeration value can be controlled with an increased de- 
gree of adequacy. 

[0018] Preferably, the present control apparatus in- 
cludes vehicle-deceleration detecting means for deter- 
mining whether the vehicle is in a decelerating state, and 
desired-deceleration calculating means operable when 
the vehicle-deceleration detecting means determines 
that the vehicle is in the decelerating state, to calculate 
the desired deceleration value of the vehicte under de- 
celeration, on the basis of the actual running speed of 
the vehicle and the preset deceleration value preset by 
the operator of the vehicle, and according to a stored 
predetermined relationship among the desired deceler- 
ation value, the actual running speed and preset decel- 
eration value. The above-indicated drive-power-source 
braking control means is arranged to control the drive- 
power-source braking torque, on the basis of the regen- 
erative braking torque produced by the electric genera- 
tor (motor/generator) and the decompression state of 
the non-operating cylinders of the variable-cylinder en- 
gine, such that the actual deceleration value of the ve- 
hicle coincides with the calculated desired deceleration 
value. Accordingly, the vehicle can be decelerated at a 
value as desired by the vehicle operator. 
[0019] The drive-power-source control means prefer- 
ably includes: regenerative-braking-torque control 
means for controlling an amount of regenerative braking 
torque produced by the motor/generator, decompres- 
sion-state setting means for placing selected ones of the 
cylinders of the variable-cylinder engine in a decom- 
pression state, and decompression-amount control 
means for controlling a resistance of those selected cyl- 
inders to an rotary motion of the engine, by controlling 
a resistance to a flow of intake air into those selected 
cylinders, by controlling an angle of opening of the throt- 
tle valve, for example. In this arrangement, the resist- 
ance to the rotary motion of the variable-cylinder engine 
is increased when the amount of the regenerative brak- 
ing torque produced by the electric generator (motor/ 
generator) is reduced, so that the resistance is in- 



creased to compensate for a shortage of the regenera- 
tive braking torque. 

[0020] Preferably, the present control apparatus fur- 
ther comprises regenerative-braking-adjustment de- 
5 tecting means for determining whether it is necessary 
to adjust the regenerative braking operation of the elec- 
tric generator (motor/generator), and lock-up clutch re- 
leasing means for placing a fluid-coupling device dis- 
posed between the variable-cylinder engine and the au- 
to tomatic transmission, in its released state or partially 
slipping state, when the regenerative-braking operation- 
adjustment detecting means determines that it is nec- 
essary to adjust the regenerative braking operation of 
the motor/generator. According to this arrangement, a 
15 shock that may be caused by the adjustment of the re- 
generative braking operation of the electric generator 
(motor/generator) can be absorbed by the fluid-coupling 
device. 

[0021] The object indicated above may be achieved 

20 according to a fourth invention, which provides a control 
apparatus for a variable-cylinder engine to which a 
transmission is connected, characterized by comprising 
(a) engine-idling vehicle-stop detecting means for de- 
termining whether a vehicle is held stationary with the 

25 variable-cylinder engine being held in an idling state, 
and (b) partial-cylinder/neutral-transmission control 
means operable when the engine-idling vehicle-stop de- 
tecting means determines that the vehicle is held sta- 
tionary with the variable-cylinder engine being in the 

30 idling state, for placing the variable-cylinder engine in a 
partial-cylinder operating state and at the same time 
placing the transmission in a neutral state. 
[0022] In the present control apparatus, the partial- 
cylinder/neutral-transmission control means places the 

35 variable-cylinder engine in the partial-cylinder operating 
state and at the same time places the transmission in 
the neutral state, when the engine-idling vehicle-stop 
detecting means determines that the vehicle is held sta- 
tionary with the variable-cylinder engine being held in 

40 an idling state. Accordingly, the fuel economy of the ve- 
hicle is improved, and the vibration and noses are re- 
duced, while the vehicle is held stationary with the en- 
gine in the idling state. 

[0023] Preferably, the present control apparatus fur- 
45 ther comprises engine-stop detecting means for deter- 
mining whether the vehicle is held stationary, and hill- 
holding means operable when the engine-stop detect- 
ing means does not determine that the vehicle is held 
stationary, for activating the braking device to hold the 
50 vehicle stationary. Accordingly, the vehicle can be held 
stationary even on a slope, while the transmission is 
placed in its neutral state with the variable-cylinder en- 
gine placed in the partial-cylinder operating state. 
[0024] Preferably, the present control apparatus fur- 
55 ther comprises partial-cylinder/neutral-transmission 
condition determining means for determining whether it 
is concurrently possible to place the variable-cylinder 
engine in a partial-cylinder operating state, place the 
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transmission in a neutral state and operate the hill-hold- 
ing means to hold the vehicle stationary. If the partial- 
cylinder/neutral-transmission condition determining 
means determines that it is not concurrently possible to 
place the variable-cylinder engine in the partial-cylinder 5 
operating state, place the transmission in the neutral 
state and operate the hill-holding means to hold the ve- 
hicle stationary, the variable-cylinder engine is placed 
in the full-cylinder operating state or the two-bank oper- 
ating state. Accordingly, the idling of the variable-cylin- 
der engine is defected in the full-cylinder operating 
state, while the variable-cylinder engine is in a warm-up 
operation (while the engine is still cold), while the engine 
is not operable in the partial-cylinder operating state due 
to some defect, wile the transmission is still cold, or is 
not normally placed in its neutral state due to some de- 
fect. 

[0025] The object indicated above may be achieved 
according to a fifth invention, which provides a control 
apparatus for a vehicle to be driven by a variable-cylin- 
der engine and an electric motor as a drive power 
source, characterized by comprising (a) motor-drive- 
mode detecting means for determining whether the ve- 
hicle is running in a motor-drive mode with an operation 
of the electric motor, and (b) partial-cylinder operation 
commanding means operable when the motor-drive- 
mode detecting means determines that the vehicle is 
running in the motor-drive mode, for placing the varia- 
ble-cylinder operating state. 

[0026] In the present vehicle control apparatus, the 
variable-cylinder engine is operated in the partial-cylin- 
der or single-bank operating state, during running of the 
vehicle in the motor-drive mode, so that the fuel econo- 
my of the vehicle is improved. 

[0027] The present vehicle control apparatus is pref- 
erably arranged such that the drive force of the variable- 
cylinder engine is transmitted to the drive wheels 
through the continuously variable transmission, so that 
the fuel economy of the vehicle is further improved. 
[0028] The present vehicle control apparatus prefer- 
ably further comprises power-transmission restricting 
means for restricting transmission of a drive force be- 
tween the variable-cylinder engine and a drive shaft dis- 
posed downstream of the variable-cylinder engine, dur- 
ing operation of the variable-cylinder engine in the par- 
tial-cylinder or single-bank operating state by the partial- 
cylinder operation commanding means. For instance, 
the power-transmission restricting means is arranged to 
release an input clutch disposed between the variable- 
cylinder engine and the vehicle drive wheels. According 
to this arrangement, vibration of the variable-cylinder 
engine which is relatively large in the partial-cylinder op- 
erating state is not transmitted downstream of the en- 
gine. 

[0029] The object indicated above may be achieved 
according to a sixth invention, which provides a control 
apparatus for a vehicle to be driven by a variable-cylin- 
der engine and an electric motor as a drive power 



source, characterized by comprising (a) regenerative- 
braking-control detecting means for determining wheth- 
er the vehicle is running with a regenerative braking op- 
eration of the electric motor so as to convert a kinetic 
energy of the vehicle into an electric energy, and (b) par- 
tial-cylinder-operation commanding and power-trans- 
mission restricting means, operable when the regener- 
ative-braking-control detecting means determines that 
the vehicle is running with the regenerative braking op- 
eration of the electric motor, for placing the variable-cyl- 
inder engine in a partial-cylinder operating state and at 
the same time restricting transmission of a drive force 
between the variable-cylinder engine and a drive shaft 
disposed downstream of the variable-cylinder engine. 
[0030] In the present vehicle control apparatus, the 
fuel economy of the vehicle is improved, and the engine 
torque oscillation and noise are reduced, during running 
of the vehicle with a regenerative braking operation of 
the electric generator (motor/generator) so as to convert 
a kinetic energy of the vehicle into an electric energy, 
since the variable-cylinder engine is placed in the par- 
tial-cylinder operating state and since the transmission 
of the drive force between the engine and the down- 
stream drive shaft is restricted. 

[0031] The present control apparatus preferably fur- 
ther comprises coasting-run detecting means for deter- 
mining whether the vehicle is in decelerating state. In 
this case, the partial-cylinder-operation commanding 
and power-transmission restricting means is operated 
upon determination by the coasting-run detecting 
means that the vehicle is in a decelerating state, for plac- 
ing the variable-cylinder engine in the partial-cylinder 
operating state and at the same time restricting trans- 
mission of the drive force between the variable-cylinder 
engine and the downstream drive shaft. According to 
this arrangement, the fuel economy of the vehicle is im- 
proved, and the engine torque oscillation and noise are 
reduced, during deceleration of the vehicle with the re- 
generative braking operation, since the variable-cylin- 
der engine is placed in the partial-cylinder operating 
state and since the transmission of the drive force be- 
tween the engine and the downstream drive shaft is re- 
stricted. 

[0032] The present embodiment is preferably ar- 
ranged such that the drive-power-source switching 
means is operated when the vehicle is not in a deceler- 
ating state or is not running with the regenerative brak- 
ing operation. In this case, the switching means deter- 
mines the number of the operating cylinders of the var- 
iable-cylinder engine on the basis of an actual running 
speed of the vehicle and an actual output torque and 
according to a stored predetermined relationship, and 
operates the variable-cylinder engine with the deter- 
mined number of the cylinders placed in the operating 
state. This arrangement improves the fuel economy of 
the vehicle. 

[0033] The partial-cylinder-operating commanding 
and power-transmission restricting means is preferably 
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arranged to determine the amount of slipping of an input 
clutch, on the basis of an oscillation amount included in 
an output torque of said variable-cylinder engine, and 
according to a stored predetermined relationship be- 
tween these parameters, and control the input clutch 5 
disposed between the variable-cylinder engine and the 
continuously variable transmission such that the actual 
amount of slipping of the input clutch is equal to the de- 
termined amount of slipping. The arrangement advan- 
tageously restricts the torque oscillation as needed. 10 

BRIEF DESCRIPTION OF DRAWINGS 
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Fig. 1 is a schematic view showing a part of a drive 
system of an automotive vehicle to which a vehicle 
control apparatus according to one embodiment of 
this invention is applicable. 

Fig. 2 is a table indicating a relationship between 20 
combinations of operating states of frictional cou- 
pling devices in an automatic transmission of the 
vehicle drive system of Fig. 1 , and gear positions of 
the automatic transmission which are established 
by the respective combinations. 25 
Fig. 3 is a view showing devices associated with an 
engine of the vehicle provided with the drive system 
of Fig. 1. 

Fig. 4 is a view for explaining a part of a hydraulic 
control circuit provided in the vehicle of Fig. 1. 30 
Fig. 5 is a view for explaining some of input and out- 
put signals of an electronic control device provided 
in the vehicle of Fig. 1. 

Fig. 6 is a view for explaining operating positions of 
a shift lever disposed near a console box provided 35 
in the vehicle, and a mode selector switch. 
Fig. 7 is a view showing a drive-power-source data 
map which is used to select a drive power source 
on the basis of vehicle running speed and throttle 
valve opening angle, while MG1 is operable with an 40 
electric energy supplied from a fuel cell, to provide 
a sufficiently large output torque as an assisting 
drive force. 

Fig. 8 is a view showing a drive-power-source data 
map which is used to select the drive power source 45 
on the basis of the vehicle running speed and the 
throttle valve opening angle, while the MG1 is not 
operable with an electric energy supplied from the 
fuel cell, to provide a sufficiently large output torque 
as the assisting drive force. 50 
Fig. 9 is a view showing a drive- power-source data 
map which is used to select the drive power source 
on the basis of the vehicle running speed and the 
throttle valve opening angle, while the output torque 
provided by the MG1 operated with an electric en- 55 
ergy supplied from the fuel cell is not at all sufficient 
as the assisting drive force. 

Fig. 10 is a view indicating output torque character- 



istics of variable-cylinder engine when the engine 
is placed in a two-bank operating state and in a sin- 
gle-bank operating state. 

Fig. 11 is a view indicating a total torque character- 
istic of the variable-cylinder engine, in relation to ac- 
celerator operating amount. 
Fig. 12 is a block diagram illustrating some of func- 
tional means of the electronic control device of Fig. 
5. 

Fig. 13 is a flow chart illustrating a part of a control 
operation of the electronic control device of Fig. 5. 
Fig. 14 is a time chart for explaining the control op- 
eration of the electronic control device of Fig. 5. 
Fig. 15 is a time chart for explaining the control op- 
eration of the electronic control device of Fig. 5, in 
another state of the vehicle. 

Fig. 16 is a block diagram illustrating some of func- 
tional means of an electronic control device in an- 
other embodiment of this invention. 
Fig. 17 is a flow chart illustrating a part of a control 
operation of the electronic control device of Fig. 16. 
Fig. 18 is a time chart for explaining the control op- 
eration of the electronic control device of Fig. 16. 
Fig. 19 is a block diagram illustrating some of func- 
tional means of an electronic control device in a fur- 
ther embodiment of this invention. 
Fig. 20 is a flow chart illustrating a part of a control 
operation of the electronic control device of Fig. 19. 
Fig. 21 is a view for explaining a relationship be- 
tween an amount of regenerative braking by MG 
(motor/generator) and a vehicle deceleration value 
in the embodiment of Fig. 19. 
Fig. 22 is a block diagram illustrating some of func- 
tional means of an electronic control device in an- 
other embodiment of the invention. 
Fig. 23 is a flow chart illustrating a part of a control 
operation of the electronic control device of Fig. 22. 
Fig. 24 is a time chart for explaining the control op- 
eration in the embodiment of Fig. 22. 
Fig. 25 is a schematic view showing a part of a drive 
system of an automotive vehicle to which a vehicle 
control apparatus according to another embodi- 
ment of this invention is applicable. 
Fig. 26 is a table indicating a relationship between 
combinations of operating positions of a planetary 
gear device provided in a power transmitting device 
of Fig. 25, and respective combinations of operating 
states of frictional coupling devices in the planetary 
gear device. 

Fig. 27 is a collinear diagram for explaining the op- 
erating of the planetary gear device provided in the 
power transmitting device of Fig. 25. 
Fig. 28 is a view for explaining operating positions 
of a shift lever provided in the vehicle of Fig. 25. 
Fig. 29 is a view showing a deceleration setting 
switch operated by an operator in the vehicle of Fig. 
25. 

Fig. 30 is a view for explaining some of input and 
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output, signals of an electronic control device pro- 
vided in the vehicle of Fig. 25. 
Fig. 31 is a view showing a drive-power-source data 
maps used to select a driving motor or a drive power 
source in the vehicle of Fig. 25, the data map shown 
at (a) being used when the shift lever is placed in a 
forward drive position, while the data map shown at 
(b) being used when the shift lever is placed in a 
rear drive position. 

Fig. 32 is a block diagram illustrating some of func- 
tion means of an electronic control device of Fig. 30. 
Fig. 33 is a flow chart illustrating a part of a control 
operation of the electronic control device of Fig. 30. 
Fig. 34 is a block diagram illustrating some of func- 
tional means of an electronic control device in an- 
other embodiment of the invention. 
Fig. 35 is a view indicating a relationship used by 
partial-cylinder/power-transmission restricting 
means of Fig. 34 to obtain an amount of slipping of 
a clutch. 

Fig. 36 is a view indicating output torque oscillation 
of the engine used by the partial-cylinder/power- 
transmission restricting means of Fig. 34 to obtain 
the amount of slipping of the clutch. 
Fig. 37 is a flow chart illustrating a part of a control 
operation of the electronic control device of Fig. 34. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0035] Referring to the drawings, the preferred em- 
bodiments of this invention will be described in detail. 
[0036] Fig. 1 is a schematic view for explaining an ar- 
rangement of a power transmitting system of an auto- 
motive vehicle to which a control apparatus according 
to one embodiment of this invention is applicable. Re- 
ferring to the figure, an output of a variable-cylinder en- 
gine 10 provided as a drive power source or a driving 
motor is transferred to an automatic transmission 16 
through a clutch 12 and a torque converter 14, and is 
transmitted from the automatic transmission 16 to drive 
wheels through a differential gear device and drive ax- 
les, which are not shown. Between the clutch 1 2 and the 
torque converter 14, there is disposed a first motor/gen- 
erator MG1 (hereinafter referred to as n MG1") which 
functions as an electric motor or an electric generator. 
The MG1 also functions as drive power source or a driv- 
ing motor. The torque converter 14 includes a pump im- 
peller 20 connected to the clutch 12, a turbine impeller 
24 connected to an input shaft 22 of the automatic trans- 
mission 16, a lock-up clutch 26 for directly connecting 
the pump and turbine impellers 20, 24, and a stator im- 
peller 30 which is prevented by a one-way clutch 28 from 
rotating in one of opposite directions. To the variable- 
cylinder engine 10, there is operatively connected a mo- 
tor/generator MG2 (hereinafter referred to as "MG2") 
which functions as an electric motor for starting the en- 
gine 10, and as an electric generator. 
[0037] The variable-cylinder engine 10 indicated 
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above includes variable-valve-timing mechanisms ar- 
ranged to change an operating timing of intake and ex- 
haust valves of each cylinder and a fuel injector valve 
arranged to supply a fuel or stop the fuel supply to each 
5 cylinder. The variable-cylinder engine 10 is arranged to 
place selected ones of its cylinders in a non-operating 
state, by opening the intake or exhaust valve in the com- 
pression stroke of each selected cylinder (by placing 
each selected cylinder in a decompression state) while 
10 stopping the fuel supply to each selected cylinder, so 
that the effective displacement of the variable-cylinder 
engine 1 0 can be changed depending upon the load act- 
ing on the engine 10, thereby reducing the amount of 
consumption of the fuel. 
15 [0038] The automatic transmission 16 includes a first 
transmission unit 32 having two operating positions, that 
is, a high-speed position and a low-speed position, and 
a second transmission unit 34 having five operating po- 
sitions, that is, one reverse drive position and four for- 
20 ward drive positions. The first transmission unit 32 in- 
cludes a high-low planetary gear device 36 having a sun 
gear SO a ring gear R0, and planetary gears P0 which 
are rotatably supported by carrier K0 and which mesh 
with the sun gear SO and ring gear R0. The first trans- 
25 mission unit 32 further includes a clutch CO disposed 
between the sun gear S and the carrier K0, and a brake 
B0 disposed between the sun gear SO and a housing 38. 
[0039] The second transmission unit 34 includes a 
first planetary gear set 40, a second planetary gear set 
30 42, and a third planetary gear set 44. The first planetary 
gear set 40 includes a sun gear S1 , a ring gear R1 , and 
planetary gears P1 which are rotatably supported by a 
carrier K1 and which mesh with the sun gear S1 and 
ring gear R1 . The second planetary gear set 42 includes 
35 a sun gear S2, a ring gear R2, and planetary gears P2 
which are rotatably supported by a carrier K2 and which 
mesh with the sun gear S2 and ring gear R2. The third 
planetary gear set 44 includes a sung gear S3, a ring 
gear R3, and planetary gears P3 which are rotatably 
40 supported by a carrier K3 and which mesh with the sun 
gear S3 and ring gear R3. 

[0040] The sun gears S1 and S2 are integrally con- 
nected to each other, while the ring gear R1 and carriers 
K1 and K2 are integrally connected to each other. The 
45 carrier K3 is connected to an output shaft 46 of the au- 
tomatic transmission 16. A clutch C1 is disposed be- 
tween the ring gear R0 and an intermediate shaft 48 
connected to the sun gear S3, while a clutch C2 is dis- 
posed between the sun gears S1 and S2 and the inter- 
so mediate shaft 48. A brake B1 for inhibiting rotation of the 
sun gears S1 and S2 is fixed to the housing 38. A one- 
way clutch F1 and a brake B2 are disposed in series 
with each other between the sun gears S1 and S2 and 
the housing 38. This one-way clutch F1 is engaged 
55 when the sun gears S1 and S2 receive a torque so as 
to be rotated in a direction opposite to the direction of 
rotation of the input shaft 22. 

[0041 ] A brake B3 is disposed between the carrier K1 
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and the housing 38, while a brake B4 and a one-way 
clutch F2 are disposed in parallel with each other be- 
tween the ring gear R3 and the housing 38. This one- 
way clutch F2 is engaged when the ring gear R3 re- 
ceives a torque so as to be rotated in the direction op- 
posite to the direction of rotation of the input shaft 22. 
[0042] The automatic transmission 1 6 constructed as 
described above has one reverse drive position and five 
forward drive positions, which are selectively estab- 
lished as indicated in the table of Fig. 2 by way of ex- 
ample. In Fig. 2, "Cr indicates the engaged state of each 
coupling device, and the absence of any symbol indi- 
cates the released state of each coupling device. "@ " 
indicates the engagement of the appropriate coupling 
device for applying an engine brake to the vehicle, and 
"A" indicates the engagement of the appropriate cou- 
pling device, which does not contribute to transmission 
of power. It will be understood from the table of Fig. 2 
that a shift-up action of the automatic transmission 16 
from a 2 nd -speed position to a 3 rd -speed position is a 
so-called "clutch-to-clutch" shifting action wherein the 
brake B2 is engaged while at the same time the brake 
B3 is released, so that there exists a period during which 
a drive torque is transmitted through both the brake B3 
placed in the process of its releasing action and the 
brakes B2 placed in its engaging action. The other shift- 
ing actions of the automatic transmission 1 6 are per- 
formed by engaging or releasing the appropriate one of 
the clutches and brakes. The clutches and brakes indi- 
cated above are hydraulically operated frictional cou- 
pling devices each of which is actuated by a hydraulic 
actuator. 

[0043] The variable-cylinder engine 1 0 is arranged to 
permit a change of the number of the operating cylinders 
and the number of its non-operating cylinders, as need- 
ed. For instance, the variable-cylinder engine 10 is pro- 
vided with a pair of banks 10A and 10B disposed on the 
respective left and right sides, each bank 1 0A, 1 0B each 
consisting of three cylinders, as shown in Fig. 3. The 
cylinders of each bank 10A, 10B are operated simulta- 
neously, and independently of the other bank. 
[0044] As shown in Fig. 3, the variable-cylinder en- 
gine 10 has intake pipe 50 in which there is disposed a 
throttle valve 62 operated by a throttle actuator 60. The 
throttle valve 62 is controlled such that an angle of open- 
ing e TH of the throttle valve 62 is in principle controlled 
to a value corresponding to an operating amount 6 ACC 
of an accelerator pedal (not shown). However, the angle 
of opening 9 TH is controlled to adjust the output of the 
variable-cylinder engine 10, depending upon various 
running conditions of the vehicle, for instance, depend- 
ing upon whether the automatic transmission 16 is in a 
shifting action or not. Although Fig. 3 shows only one 
intake pipe 50 provided with the throttle valve 62 oper- 
ated by the throttle actuator 60, and only one exhaust 
pipe 52, two pairs of intake and exhaust pipes 50, 52 
are preferably provided for the respective banks 10A 
and 10B, independently of each other. 



[0045] The above-indicated MG1 is disposed be- 
tween the variable-cylinder engine 1 0 and the automatic 
transmission 16, such that the clutch 12 is disposed be- 
tween the variable-cylinder engine 1 0 and the MG1 . The 
5 hydraulically operated frictional coupling devices of the 
automatic transmission 16 and the lock-up clutch 26 are 
controlled by a hydraulic control circuit 66 which re- 
ceives a pressurized fluid from an electrically operated 
hydraulic pump 64. To the variable-cylinder engine 10, 
10 there is operatively connected a second motor/genera- 
tor MG2 (hereinafter referred to as "MG2"), which func- 
tions as a starter motor and an electric generator. There 
are also provided a fuel cell 70 and a secondary battery 
72 which serve as an electric power source for the MG1 
15 and MG2, and switching devices 74, 76 which are ar- 
ranged to control amounts of electric current to be ap- 
plied from the fuel cell 70 and the secondary battery 72 
to the MG1 and MG2, and further arranged to amounts 
of electric current with which the secondary battery 72 
20 is charged by the MG1 and MG2. Each of the switching 
devices 74, 76 is a device capable of performing a 
switching function, for instance, a semiconductor ele- 
ment capable of serving as an inverter. 
[0046] Fig. 4 is a view for explaining a portion of the 
25 hydraulic control circuit 66. The hydraulic pressure to be 
applied to the clutch C1 and C2 are controlled through 
a manual valve 76 which is mechanically connected to 
a shift lever 68 so that the manual valve 76 is operated 
in synchronization with an operation of the shift lever 68. 
30 The hydraulic pressure to be applied to the input clutch 
12 disposed between and in series with the engine 10 
and the torque converter 14 is directly controlled by an 
input clutch control valve 77. The working fluid returned 
to an oil tank 78 is pressurized by the electrically oper- 
35 ated hydraulic pump 64. The pressure of the pressu- 
rized fluid delivered from the hydraulic pump 64 is reg- 
ulated by a primary pressure regulator 79, and the thus 
regulated pressure is applied to the various hydraulically 
operated devices. 
40 [0047] Fig. 5 shows input signals to be received by an 
electronic control device 80 and output signals to be 
generated from the electronic control device 80. For ex- 
ample, the input signals to be received from various sen- 
sors (not shown) include an accelerator opening signal 
45 indicative of an operating angle 8 ACC °f an accelerator 
pedal, a vehicle speed signal indicative of an operating 
speed N OUT of the output shaft 46 of the automatic 
transmission 1 6, a signal indicative of a operating speed 
N E of the engine, a signal indicative of a turbocharging 
so pressure P lN in the intake pipe 50, a signal indicative of 
an air/fuel ratio A/F of an air-fuel mixture, and a signal 
indicative of a presently selected operating position S H 
of the shift lever. The output signals to be generated 
from the electronic control device 80 include a fuel in- 
55 jection signal for controlling an amount of fuel to be in- 
jected from the fuel injector valve into each cylinder of 
the variable-cylinder engine 10, signals for controlling 
solenoid coils for driving shift control valves incorporat- 
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ed in the hydraulic control unit 66, to shift the automatic 
transmission 16, and a signal for controlling a solenoid 
coil for driving a lock-up clutch control valve incorporat- 
ed in the hydraulic control unit 66, to control the operat- 
ing state of the lock-up clutch 26. 
[0048] Referring next to Fig. 6, there is illustrated the 
operating positions of the shift lever, which is disposed 
near a console boxy provided on the vehicle. The shift 
lever is shifted to select one of the operating positions, 
that is, a position P, a position R, a position N, a position 
D, a position 4, a position 3, a position 2 and a position 
L. The shift lever is movably supported by a suitable sup- 
port mechanism such that the above-indicated operat- 
ing positions are arranged in the longitudinal position of 
the vehicle, such that the positions D and 4 are spaced 
apart from each other in the lateral or transverse direc- 
tion of the vehicle. Further, the position 3 and the posi- 
tion 2 are located such that the shift lever is moved ob- 
liquely between these positions in a direction inclined 
with respect to the longitudinal direction, and the posi- 
tion 2 and the position L are located such that the shift 
lever is moved obliquely between these positions in the 
same inclined direction. The console box incorporates 
a mode selector switch 82 for selecting one of an AU- 
TOMATIC SHIFT mode and a MANUAL SHIFT mode. 
[0049] The electronic control device 80 includes a so- 
called microcomputer incorporating a CPU, a ROM, a 
and an input-output interface. The CPU operates to ef- 
fect signal processing operations according to control 
programs stored in the ROM, while utilizing a temporary 
data storage function of the RAM, for executing various 
control routines such as a drive-power-source switching 
control routine for controlling the operations of the var- 
iable-cylinder engine 10 and the MG1, a control routine 
for selectively placing the lock-up clutch 26 in an en- 
gaged state, a released state and a slipping state, and 
a shift control routine for controlling the shifting actions 
of the automatic transmission 26. For instance, the 
drive-power-source switching control routine is formu- 
lated to select one of an electric-motor operating area 
A, a partial-cylinder operating area B and a full-cylinder 
operating area C, on the basis of the actual vehicle run- 
ning speed V and operating amount 8ACC of the accel- 
erator pedal, and according to a selected one of stored 
drive-power-source data maps of Figs. 7-9. In the elec- 
tric-motor operating area A, the MG1 is operated. In the 
partial-cylinder operating area B, only one of the two 
banks 10A and 10B is operated. In the full-cylinder op- 
erating state C, both of the two banks 10A and 10B are 
operated. Depending upon the selected one of the op- 
erating states A, B and C, the appropriate drive power 
source is operated. That is, the MG1, or one or both of 
the two banks of the variable-cylinder engine 10 is/are 
operated. The shift control routine is formulated to select 
one of the operating positions of the automatic transmis- 
sion 16, on the basis of the operating amount 9 ACC (%) 
of the accelerator pedal and the vehicle running speed 
V, and according to stored predetermined relationships 



(shift boundary lines) of Figs. 7-9 between the operating 
amount and vehicle running speed V and the operating 
positions to be selected. The solenoid coils of the shift 
control valves provided in the hydraulic control circuit 66 
5 are controlled to shift the automatic transmission 16 to 
the selected operating position. 

[0050] The drive-power-source data map shown in 
Fig. 7 is used while MG1 is operable with an electric en- 
ergy supplied from the fuel cell, to provide a sufficiently 
large output torque as an assisting drive force. This data 
map provides a broadest partial-cylinder operating area 
B in which the total vehicle drive torque which is a sum 
of the output torque of the operated one of the two banks 
of the variable-cylinder engine 10 and the output torque 
of the MG1 is comparatively large. The variable-cylinder 
engine 10 provides its maximum output torque when 
both of its two banks are operated, and the output torque 
of the engine 10 when one of its two banks is operated 
is a half of the maximum output torque. The drive-power- 
source data map of Fig. 7 is formulated so as to effec- 
tively utilize the output torque of the MG 1 as an assisting 
torque to be added to the output torque of the operated 
one of the two banks of the variable-cylinder engine 1 0, 
thereby permitting an operation of the variable-cylinder 
engine 10 in the partial-cylinder operating state even 
when the operating amount 8ACC of the accelerator 
pedal is relatively large, so that the fuel economy of the 
engine 10 is improved by reducing a loss in the partial- 
cylinder operating state. The reduction of this loss is ob- 
tained by not only reducing the amount of fuel injected 
into the engine 10 by reducing the number of the oper- 
ating cylinders, but also reducing the pump loss of the 
non-operating cylinders placed in the decompression 
state. 

[0051] The drive-power-source data map shown in 
Fig. 8 is used while the MG 1 is not operable with an elec- 
tric energy supplied from the fuel cell, to provide a suf- 
ficiently large output torque as the assisting drive force. 
According to this drive-power-source data map, the di- 
mension of the partial-cylinder operating area B as 
measured in the direction of the operating amount 9 ACC 
of the accelerator pedal is slightly smaller than that of 
the data map of Fig. 7. Further, the electric-motor oper- 
ating area A in which the MG1 alone is operated while 
the variable-cylinder engine 10 is at rest is made nar- 
rower than that according to the data map of Fig. 7. The 
drive-power-source data map shown in Fig. 9 is used 
while the output torque provided by the MG1 operated 
with an electric energy supplied from the fuel cell is not 
at all sufficient as the assisting drive force, due to a 
shortage of a fuel available for the fuel cell or due to 
overheating of the fuel cell. 

[0052] In Fig. 10, an output torque characteristics of 
the variable-cylinder engine 10 when the engine 10 is 
placed in a single-bank operating state is indicated by 
solid line, while that in a two-bank operating state of the 
engine 1 0 is indicated by broken line. One-dot chain line 
in Fig. 10 indicates the total torque which is a sum of the 
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output torque of the engine 10 in the one-bank operating 
state and the output torque (assisting torque) of the 
MG1, and which corresponds to the operating amount 
e ACC of the accelerator pedal. Accordingly, the single- 
bank operating area is enlarged by utilizing the output 
torque of the MG1 as the assisting torque. It is also noted 
that even when the operating amount 0 ACC of the accel- 
erator pedal is smaller than a predetermined value, the 
vehicle is driven with the engine 10 placed in the two- 
bank operating state, where the single-bank operation 
of the engine 1 0 is not available, for instance, where reg- 
ular switching of the left and right banks is not possible 
during warm-up operation of the engine 10, for instance. 
Fig. 11 is a view indicating a total torque characteristic 
of the variable-cylinder engine 10, in relation to the op- 
erating amount e ACC of the accelerator pedal. Namely, 
Fig. 11 indicates that the assisting torque provided by 
the MG1 permits the single-bank operating area to be 
enlarged in relation to the operating amount 9 ACC of the 
accelerator pedal. 

[0053] Fig. 12 is a block diagram illustrating some of 
functional means of the above-indicated electronic con- 
trol device 80, namely, functional means for selecting 
the drive power source. Regenerative-braking-state de- 
tecting means 100 shown in Fig. 12 is arranged to de- 
termine whether the vehicle is placed in a regenerative 
braking state in which the MG1 is operated with a kinetic 
energy of the vehicle, to generate an electric energy for 
charging the secondary battery 72, during deceleration 
of the vehicle (during running of the vehicle with braking 
by the drive power source) or during normal braking of 
the vehicle. The regenerative-braking-state detecting 
means 100 may be arranged to determine the amount 
of the electric energy generated by the regenerative 
braking. Decompression sate setting means 102 is ar- 
ranged to place appropriate ones of the non-operating 
cylinders of the variable-cylinder engine 10 in the de- 
compression state, on the basis of the regenerative 
braking state detected by the regenerative-braking- 
state detecting means 100. 

[0054] Engine-stop-mode detecting means 104 is ar- 
ranged to determine whether the vehicle is running in 
an engine-stop running mode with the variable-cylinder 
engine 1 0 being held at rest, that is, whether the vehicle 
is coasting with the fuel supply to the engine 10 being 
cut off while the vehicle running speed V is higher than 
a predetermined fuel-cut threshold. Engine-restart-pos- 
sibility determining means 106 is arranged to determine 
whether there is a possibility that the variable-cylinder 
engine 10 is restarted during running of the vehicle in 
the engine-stop running mode. During a normal running 
of the vehicle, the engine-restart-possibility determining 
means 1 06 usually determines that there is a possibility 
of restarting of the variable-cylinder engine 10. The de- 
compression-state setting means 102 indicated above 
places the bank 10A of the variable-cylinder engine 10 
in the compression state and placing the other bank 1 0B 
in the decompression state, in the regenerative braking 



state of the vehicle when the engine-stop-mode detect- 
ing means 104 determines that the variable-cylinder 10 
is held at rest and when the engine-restart-possibility 
detecting means 106 determines that there is a possi- 

5 bility of the engine 10 being restarted. However, the de- 
compression-state setting means 102 places both of the 
two banks 10A and 10B in the decompression state, in 
the regenerative braking state of the vehicle when the 
variable-cylinder engine 10 is detected to be held at rest 

10 but when there is not a possibility that the engine 1 0 is 
restarted. 

[0055] Referring to the flow chart of Fig. 1 3 illustrating 
a part of a control operation of the electronic control de- 
vice 80, this control operation is repeatedly performed 

15 with a predetermined cycle time. The control operation 
is initiated with step SA1 corresponding to the engine- 
stop-mode detecting means 104, to determine whether 
the vehicle is running in the engine-stop running mode 
with the variable-cylinder engine 10 being held at rest, 

20 that is, whether the vehicle is coasting with the fuel sup- 
ply to the engine 10 being cut off, at the running speed 
V higher than the predetermined fuel-cut threshold. 
Hereinafter, the word "step" as in step SA1 will be omit- 
ted. If a negative decision is obtained in SA1, one cycle 

25 of execution of the present control routine is terminated. 
If an affirmative decision is obtained in SA1 , the control 
flow goes to SA2 corresponding to the engine-restart- 
possibility detecting means 1 06, to determine whether 
there is a possibility that the variable-cylinder 10 pres- 

30 ently at rest during running of the vehicle will be restart- 
ed. Normally, an affirmative decision is obtained in SA3, 
and the control flow goes to SA3 corresponding to the 
regenerative-braking-state detecting means 100, to de- 
termine whether the vehicle is in the regenerative brak- 

35 ing state in which the MG1 is operated with a kinetic en- 
ergy of the running vehicle to generate an electric ener- 
gy for charging the secondary battery 72. If a negative 
decision is obtained in SA3, all of the cylinders or the 
two banks of the variable-cylinder engine 10 are placed 

40 in the compression state, so that the resistance of the 
engine 10 to rotary motion thereof and the braking 
torque are increased. If an affirmative decision is ob- 
tained in SA3, the control flow goes to SA5 to place 
some of the cylinders of the variable-cylinder engine 10, 

45 that is, the bank 10A, in the compression state, and 
place the other cylinders, that is, the bank 10B, in the 
decompression state; so that the amount of electric en- 
ergy generated by the regenerative braking and the re- 
generative braking torque are increased, and so that the 

50 variable-cylinder engine 10 can be ignited or restarted 
in a short time. In the example of Fig. 14, this state of 
the engine 10 is established for a time period between 
points of time tg and t-| . 

[0056] if a negative decision is obtained in step SA2, 
55 the control flow goes to SA7 also corresponding to the 
regenerative-braking-state detecting means 100 and 
similar to SA3, to determine whether the vehicle in 
placed in the regenerative braking state. If a negative 



10 



19 



EP 1 318 285 A1 



20 



decision is obtained in SA7, the control flow goes to SA8 
similar to SA4, to place at) cylinders or both banks of the 
variable-cylinder engine 10 in the compression state. If 
an affirmative decision is obtained in SA7, the control 
flow goes to SA9 to place all cylinders or both banks of 
the variable-cylinder engine 10 in the decompression 
state. In the present embodiment, SA4 through SA6, 
and SA8 and SA9 correspond to the decompression- 
state setting means 102. The compression state is a 
state in which the intake air in the cylinder is compressed 
in the compression stroke of the four-cycle engine, with 
the operating timings of the intake and exhaust valves 
being controlled as in the normal operation. The decom- 
pression state is a state in which the intake air in the 
compression stroke of the four-cycle engine is not suf- 
ficiently compressed, with the operating timing of the in- 
take or exhaust valve being changed with respect to the 
normal timing, and with the throttle valve 62 and an EGR 
valve (not shown) being released to reduce the resist- 
ance to a rotary motion of the crankshaft. 
[0057] When the regenerative braking is terminated 
due to full charging of the secondary battery 72, for ex- 
ample, a negative decision is obtained in SA3 or SA7, 
and the two banks of the variable-cylinder engine 1 0 are 
placed in the compression state. In the example of Fig. 
14, this state is established for a time period after a point 
of time t v While SA3 and SA7 are formulated to deter- 
mine whether the vehicle is in the regenerative braking 
state, these steps may be formulated to detect the 
amount of electric energy generated by the regenerative 
braking, and establish the compression or decompres- 
sion state of each bank of the variable-cylinder engine 
10, depending upon whether the detected amount of 
electric energy is larger than a predetermined value. In 
the example illustrated in the time chart of Fig. 15, the 
variable-cylinder engine 10 is controlled to be selective- 
ly placed in the compression or decompression state de- 
pending upon whether the detected amount of electric 
energy generated by the regenerative braking is re- 
duced below a predetermined threshold value A. That 
is, the two banks of the variable-cylinder engine 10 are 
placed in the compression state at a point of time ^ at 
which the detected amount has becomes smaller than 
the threshold value A. 

[0058] In the present embodiment which has been de- 
scribed, the decompression-state setting means 102 
(SA5, SA6) is arranged to place appropriate ones of the 
non-operating cylinders of the variable-cylinder engine 
10 in the decompression state, on the basis of the re- 
generative braking state of the vehicle detected by the 
regenerative-braking-state detecting means 1 00 (SA3), 
so that only a required minimum number of the non-op- 
erating cylinders of the variable-cylinder engine 10 is/ 
are placed in the decompression state, depending upon 
the detected regenerative braking state of the vehicle, 
making it possible to not only improve the fuel economy 
of the vehicle but also assure sufficient engine braking 
of the vehicle. 



[0059] In the present embodiment, the variable-cylin- 
der engine 10 has a pair of banks 10A and 10B each of 
which has a plurality of cylinders and which are operable 
independently of each other. The decompression-state 
5 setting means 102 (SA4, SA5, SA6) is further arranged 
to place both of the two banks of the variable-cylinder 
engine 10 in the compression state when the regener- 
ative-braking-state detecting means 100 has not detect- 
ed a regenerative braking state of the vehicle, and place 
one of the two banks of the variable-cylinder engine 10 
in the compression state and the other bank in the de- 
compression state when the regenerative-braking-state 
detecting means 100 has detected a regenerative brak- 
ing state of the vehicle. In the decompression state, the 
cylinder chamber is in a non-compressed state even in 
the compression stroke. While the vehicle is not placed 
in a regenerative braking state, the drive power source 
(engine) provides an appropriate braking effect since 
the two banks are both placed in the compression state. 
While the vehicle is placed in a regenerative braking 
state, on the other hand, the braking effect provided by 
the drive power source (engine) is reduced by an 
amount corresponding to the amount of regenerative 
braking effect, since one and the other of the two banks 
are placed in the compression state and the decompres- 
sion state, respectively, so that the total braking effect 
applied to the vehicle is substantially equal to that while 
the vehicle is not placed in the regenerative braking 
state, and the fuel economy is improved owing to the 
regeneration of an electric energy in the regenerative 
braking state. 

[0060] In the present embodiment, the engine-stop- 
mode detecting means 104 (SA1) is provided for deter- 
mining whether the vehicle is running in an engine-stop 
running mode, for instance, in a motor-drive mode or a 
fuel-cut mode, with the variable-cylinder 10 being held 
at rest, and the regenerative-braking-state detecting 
means 100 is operated to detect the regenerative brak- 
ing effect of the vehicle, when the engine-stop-mode de- 
tecting means 100 has detected that the vehicle is run- 
ning in the engine-stop running mode. This arrangement 
is effective to improve the fuel economy of the vehicle 
and assure a sufficient engine braking effect, while the 
vehicle is running in the regenerative braking state and 
in the engine-stop mode with the variable-cylinder en- 
gine being held at rest. 

[0061] In the present embodiment, the engine-restart- 
possibility determining means 106 (SA2) is provided for 
determining whether there is a possibility that the vari- 
able-cylinder engine 10 will be restarted, and the regen- 
erative-braking-state detecting means 1 00 is operated 
to detect the regenerative braking state of the vehicle, 
when the engine-restart-possibility determining means 
determines that there is a possibility that the variable- 
cylinder engine will be restarted. The decompression- 
state setting means 102 is arranged to place one (10A) 
of the banks of the variable-cylinder engine 10 in the 
compression state and the other bank (10B) in the de- 
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compression state, when the regenerative-braking- 
state detecting means 100 has detected a regenerative 
braking state of the vehicle. In the regenerative braking 
state of the vehicle, therefore, one (1 OA) of the banks is 
placed in the compression state so that the variable-cyl- 
inder engine 10 can be restarted in a short time when 
the engine is commanded to be restarted. 
[0062] The present embodiment is further arranged 
such that when the engine-restart-possibility determin- 
ing means determines that there is not a possibility that 
the variable-cylinder engine 10 will be restarted, the de- 
compression-state setting means 102 places both 
banks of the variable-cylinder engine 1 0 in the compres- 
sion state if the regenerative-braking-state detecting 
means has not detected a regenerative braking state of 
the vehicle, and places both banks of the variable-cyl- 
inder engine 10 in the decompression state if the regen- 
erative-braking-state detecting means has detected a 
regenerative braking state of the vehicle. This arrange- 
ment is advantageous in that an adequate engine brak- 
ing effect is obtained while the vehicle is not placed in 
a regenerative braking state in which both banks are 
placed in the compression state, and that the amount of 
electric energy generated by the regenerative braking 
is maximized while the vehicle is placed in the regener- 
ative braking state in which both banks are placed in the 
decompression state. 

[0063] Then, another embodiment of this invention 
will be described. In the foregoing description, the same 
reference signs as used in the preceding embodiment 
will be used to identify the same elements. 
[0064] Fig. 16 is a block diagram illustrating other 
functional means of the electronic control device 80. 
Electricity-generating-mode determining means 110 in- 
dicated in Fig. 16 is arranged to determine whether it is 
required to establish an electricity generating mode in 
which the MG1 or MG2 is operated as an electric gen- 
erator to generate an electric energy. For instance, this 
determination may be effected by determining whether 
the amount of electric energy left in the secondary bat- 
tery 72 is smaller than a predetermined value. Cylinder- 
number switching means 112 is operable, when the 
electricity-generating-mode determining means 110 de- 
termines that the electricity generation by the MG1 or 
MG2 is required, to place the variable-cylinder engine 
12 in the partial-cylinder operating state (reduced -cylin- 
der operating state), so that the MG 1 or MG2 is operated 
by the variable-cylinder engine 10 placed in the single- 
bank operating state, for example. 
[0065] Neutral-state detecting means 1 1 4 is arranged 
to determine whether a power-transmitting path be- 
tween the variable-cylinder engine 10 and the drive 
wheels is in a cut-off state. For example, this determi- 
nation may be effected by determining whether the shift 
lever not shown is placed in any non-drive position such 
as the neutral position (N) or parking position (P), or 
whether the automatic transmission 16 is placed in a 
neutral state. Neutral-control detecting means 116 is ar- 



ranged, for instance, to determine whether the vehicle 
is placed in a neutral control mode in which the clutch 
12 is in the released state. The cylinder-number switch- 
ing means 112 causes the MG1 or MG2 to be operated 

5 by the variable-cylinder engine 10 placed in the single- 
bank operating state, when the neutral-state detecting 
means 114 determines that the power-transmitting path 
is placed in the cut-off state, or when the neutral-control 
detecting means 116 determines that the clutch 12 is 

10 placed in the released state. 

[0066] Referring to the flow chart of Fig. 17 illustrating 
a part of a control operation of the electronic control de- 
vice 80, this control operation is repeatedly performed 
with a predetermined cycle time. The control operation 

15 is initiated with SB1 corresponding to the electricity-gen- 
erating-mode determining means 110, to determine 
whether it is required to establish the electricity gener- 
ating mode in which the MG1 or MG2 is operated as an 
electric generator to generate an electric energy, for in- 

20 stance, by determining whether the amount of electric 
energy left in the secondary battery 72 is smaller than 
the predetermined value. If a negative decision is ob- 
tained in SB 1 , one cycle of execution of the present con- 
trol routine is terminated. If an affirmative decision is ob- 

25 tained in SB1 , the control flow goes to SB2 correspond- 
ing to the neutral-state detecting means 114, to deter- 
mine whether the power-transmitting path between the 
variable-cylinder engine 10 and the drive wheels is in 
the cut-off state, that is, whether the automatic transmis- 

30 sion 16 is placed in its neutral state. If a negative deci- 
sion is obtained in SB2, the control flow goes to SB3 
corresponding to the neutral-control detecting means 
116, to determine whether the vehicle is placed in the 
neutral control mode in which the clutch 12 is in the re- 

35 leased state. If the negative decision is obtained in both 
of SB2 and SB3, the control flow goes to SB4 in which 
the MG1 or MG2 is operated to generate an electric en- 
ergy, by the variable-cylinder engine 10 placed in the 
two-bank operating state. If an affirmative decision is ob- 

40 tained in at least one of SB2 and SB3, the control flow 
goes to SB5 in which the MG1 or MG2 is operated to 
generate an electric energy, by the variable-cylinder en- 
gine 10 placed in the single-bank operating state. SB5 
is followed by SB6 in which the non-operating cylinders 

45 of the other bank of the variable-cylinder engine 1 0 are 
placed in the decompression state, to reduce a loss 
caused by the non-operating bank. In the example of 
Fig. 18, this state is established for a time period be- 
tween points of time t1 and t2. In the present embodi- 

50 ment, the SB4 through SB6 correspond to the cylinder- 
number switching means 112. 

[0067] In the present embodiment which has been de- 
scribed, the cylinder-number switching means 112 
(SB5) places the variable-cylinder engine 10 in the par- 
55 tial-cylinder operating state, when the electricity-gener- 
ating-mode determining means 110 (SB1) determines 
that the MG1 or MG2 is required to be operated to gen- 
erate an electric energy. Thus, the engine is operated 
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in the partial-cylinder operating state when it is neces- 
sary to generate an electric energy. Accordingly, the fuel 
economy during the operation of the electric generator 
is improved, since the electric generator is operated by 
the variable-cylinder engine 1 0 operated with a reduced 5 
loss of rotary motion. 

[0068] In the present embodiment, the variable-cylin- 
der engine 1 0 has a pair of banks 1 0A and 1 0B each of 
which has a plurality of cylinders and which are operable 
independently of each other. The cylinder-number 
switching means is arranged to plate one (10A) of the 
banks of the variable-cylinder engine 1 0 in the operating 
state and place the other bank in the decompression 
state, when the electricity-generation-mode determin- 
ing means 110 determines that the MG1 or MG2 is re- 
quired to be operated to generate an electric energy. Ac- 
cordingly, the loss of rotary motion of the variable-cylin- 
der engine 10 is further reduced to accordingly improve 
the fuel economy during the generation of an electric 
energy. 

[0069] In the present embodiment, the cylinder- 
number switching means 112 is arranged to change the 
number of the operating cylinders of the variable-cylin- 
der engine 10 which are used to operate the MG1 or 
MG2, depending upon whether the presently selected 
operating position of the shift lever is one of the drive 
positions such as the positions D and R, or one of the 
non-drive positions such as the positions N and P. 
Namely, the variable-cylinder engine 10 is placed in the 
full-cylinder operating state when the output torque os- 
cillation of the variable-cylinder engine 10 is transmitted 
to the vehicle wheels through the power-transmitting 
path, with the shift lever placed in any drive position. 
The variable-cylinder engine is placed in the partial-cyl- 
inder or single-bank operating state when the output 
torque oscillation of the variable-cylinder engine 10 is 
not transmitted to the vehicle wheels, that is, when the 
power-transmitting path is cut off with the shift lever 
placed in any non-drive positions. This arrangement is 
effective to reduce the vehicle vibration while the MG1 
or MG2 is operated by the variable-cylinder engine 10. 
[0070] In the present embodiment, the cylinder- 
number switching means 112 is further arranged such 
that the number of the operating cylinders of the varia- 
ble-cylinder engine 10 during running of the vehicle is 
in principle changed depending upon the number of the 
operating cylinders determined according to the stored 
drive-power-source data maps of Fig. 7-9, so that the 
MG1 or MG2 is operated by the variable-cylinder engine 
1 0 the number of the operating cylinders of which is de- 
termined according to the drive-power-source data 
maps. Accordingly, the fuel economy while the vehicle 
is running is also improved. 

[0071] Fig. 19 is a block diagram illustrating other 
functional means of the electronic control device 80. 
Drive-power- source braking control means 1 22 indicat- 
ed in Fig. 1 9 is arranged to control a drive-power-source 
braking torque during deceleration of the vehicle, on the 



basis of a regenerative braking torque produced during 
an operation of the MG1 or MG2 to generate an electric 
energy during the vehicle deceleration, and the decom- 
pression state of the non-operating cylinders of the var- 
iable-cylinder engine 10. The drive-power-source brak- 
ing torque produced by operations of the variable-cylin- 
der engine 10 and the MG1 or MG2 by a kinetic energy 
of the vehicle under deceleration, so as to brake the ve- 
hicle. 

[0072] Vehicle-deceleration detecting means 124 is 
arranged to determine whether the vehicle is in a decel- 
erating state. For example, this determination may be 
effected on the basis of the operating amount of the ac- 
celerator pedal and the running speed of the vehicle. 
Desired-deceleration calculating means 126 is ar- 
ranged to calculate a desired deceleration value G T of 
the vehicle under deceleration, when the vehicle-decel- 
eration detecting means 1 24 determines that the vehicle 
is in a decelerating state. The desired-deceleration cal- 
culating means 126 calculates the desired deceleration 
value G T on the basis of. the actual vehicle running 
speed and a preset deceleration value manually set by 
the vehicle operator, and according to a stored prede- 
termined relationship among those parameters. The 
above-indicated drive- power-source braking control 
means 122 controls the drive-power-source braking 
torque, on the basis of the regenerative braking torque 
produced by the MG1 or MG2 and the decompression 
state of the non-operating cylinders of the variable-cyl- 
inder engine 10 such that the actual deceleration value 
G of the vehicle coincides with the calculated desired 
deceleration value G T . 

[0073] The drive- power-source braking control 
means 122 includes: regenerative-braking-torque con- 
trol means 128 for control ling an amount of regenerative 
braking torque produced by the MG1 or MG2; decom- 
pression-state setting means 130 for placing selected 
ones of the cylinders of the variable-cylinder engine 10 
in the decompression state; and decompression- 
amount control means 132 for controlling an amount of 
decompression in the cylinders of the variable-cylinder 
engine 10 which are placed in the decompression state, 
namely, a resistance of those cylinder to an rotary mo- 
tion of the engine, by controlling a resistance to a flow 
of intake air into the cylinders, by controlling an angle of 
opening of the throttle valve, for example. The drive- 
power-source braking control means 122 controls the 
amount of decompressing in the cylinders placed in the 
decompression state, such that the resistance to the ro- 
tary motion of the variable-cylinder engine 10 is in- 
creased when the amount of the regenerative braking 
torque produced by the MG1 or MG2 is reduced and 
made insufficient, so that the resistance is increased to 
compensate for a shortage of the regenerative braking 
torque. 

[0074] Regenerative-braking-adjustment detecting 
means 134 is arranged to determine whether it is nec- 
essary to adjust the regenerative braking operation of 
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the MG1 or MG2, for some reason or other, for instance, 
because it becomes impossible to continue the regen- 
erative braking operation due to full charging or temper- 
ature rise of the secondary battery 72. Lock-up clutch 
releasing means 136 is arranged to place the lock-up 5 
clutch 26 in the released or partially slipping state, when 
the regenerative-braking-adjustment detecting means 
134 determines that the adjustment of the regenerative 
braking operation is necessary. The lock-up clutch 26 is 
disposed between the variable-cylinder engine 10 and 10 
the automatic transmission 16. The lock-up clutch 26 is 
returned to its engaged state, after termination of the 
adjustment of the regenerative braking operation of the 
MG1 or MG2, an adjustment of the decompression 
amount of one of the banks according to the adjustment 15 
of the regenerative braking operation, and an adjust- 
ment of the compression amount of the other bank. 
[0075] Referring to the flow chart of Fig. 20 illustrating 
a part of a control operation of the electronic control de- 
vice 80, this control operation is repeatedly performed 20 
with a predetermined cycle time. The control operation 
is initiated with SC1 corresponding to the vehicle-decel- 
eration calculating means, to determine whether the ve- 
hicle is in a decelerating state. For instance, this deter- 
mination is effected by determining whether the vehicle 25 
running speed V is not lower than a predetermined value 
while the operating amount of the accelerator pedal is 
substantially zero. If a negative decision is obtained in 
SC1 , one cycle of execution of the present control rou- 
tine is terminated. If an affirmative decision is obtained 30 
in SC1, the control flow goes to SC2 corresponding to 
the desired-deceleration calculating means 126, to cal- 
culate the desired deceleration value G T of the vehicle 
under deceleration, on the basis of the actual vehicle 
running speed and the preset deceleration value set by 35 
the vehicle operator, and according to the stored prede- 
termined relationship among those parameters. Then, 
SC3 corresponding to the regenerative-braking-adjust- 
ment detecting means 134 is implemented to determine 
whether it is necessary to adjust the regenerative brak- 40 
ing operation of the MG1 or MG2, for some reason or 
other, for instance, because it becomes impossible to 
continue the regenerative braking operation due to full 
charging or temperature rise of the secondary battery 
72. If a negative decision is obtained in SC3, the control 45 
flow goes to SC4 to continue the present braking-torque 
control of the drive power source in which the regener- 
ative braking torque produced by the MG1 or MG2 is 
controlled such that the actual deceleration value G of 
the vehicle coincides with the desired deceleration value so 
G T . 

[0076] If an affirmative decision is obtained in SC3, 
the control flow goes to SC5 through SC9 corresponding 
to the drive-power source braking control means 122. 
Initially, SC5 corresponding to the lock-up clutch releas- 55 
ing means 136 is implemented to place the lock-up 
clutch 26 in the released or partially slipping state. Then, 
SC6 corresponding to the regenerative-braking-torque 



control means 128 is implemented to adjust the amount 
of regenerative braking torque produced by the MG1 or 
MG2 such that the actual deceleration value G of the 
vehicle coincides with the desired deceleration value 
G T . Subsequently, SC7 corresponding to the decom- 
pression-state setting means 130 is implemented to 
place selected ones of the cylinders of the variable-cyl- 
inder engine 10, for instance, one (10A) of the banks, in 
the decompression state, and then SC8 corresponding 
to the decompression-amount control means 132 is im- 
plemented to control the amount of decompression in 
the cylinders of the variable-cylinder engine 10 in the 
decompression state, namely, the resistance of those 
cylinder to an rotary motion of the engine, by adjusting 
the operating timings of the intake and exhaust valves 
or the opening angle of the throttle valve 62, so that the 
engine 10 produces a braking torque corresponding to 
the amount of shortage of the regenerative braking 
torque produced by the MG1 or MG2. Then, SC9 corre- 
sponding to the lock-up clutch releasing means 136 is 
implemented to return the lock-up clutch 26 to its en- 
gaged state. The other cylinders or other bank of the 
variable-cylinder engine 10 are placed in the compres- 
sion state with the corresponding throttle valves 62 be- 
ing held closed, so that the engine 10 can be restarted 
in a short time when needed. 

[0077] In the present embodiment, the braking torque 
produced by the drive power source during ^deceleration 
of the vehicle )£ controlled by the drive-power-source 
braking control means 122, on the basis of thejege neg- 
ati ve braking torque pjroduced by the MG1 or MG2;-and — 
the amount of decompression of the non-operating.cyU— 
inclers of the variable-cylinder engine 10. Thus, the 
drive-power-source braking torque is adjusted accord- 
ing to the decompression amount of the variable-cylin- 
der engine 10, as well as the regenerative braking 
torque. Namely, the number of parameters used to con- 
trol the deceleration value of the vehicle is increase, so 
that the deceleration value can be controlled with an in- 
creased degree of adequacy. For instance, the deceler- 
ation value of the vehicle is adjusted depending upon 
the regenerative braking torque produced by the MG1 
or MG2, as indicated in Fig. 21. When it becomes im- 
possible to continue the regenerative braking operation 
of the MG1 or MG2 due to full charging or temperature 
rise of the secondary battery 72, the regenerative brak- 
ing torque which has been produced by the MG1 or MG2 
is replaced by the resistance of the variable-cylinder en- 
gine 10 to its rotary motion (braking torque produced by 
the engine 10). 

[0078] In the present embodiment, there are provided 
the vehicle-deceleration detecting means 124 for deter- 
mining whether the vehicle is in a decelerating state, and 
the desired-deceleration calculating means 126 opera- 
ble when the vehicle-deceleration detecting means 124 
determines that the vehicle is in the decelerating state, 
to calculate the desired deceleration value G T of the ve- 
hicle under deceleration, on the basis of the actual run- 
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ning speed V of the vehicle and the preset deceleration 
value preset by the operator of the vehicle, and accord- 
ing to a stored predetermined relationship among those 
parameters. The above-indicated drive-power-source 
braking control means 122 controls the drive-power- 5 
source braking torque, on the basis of the regenerative 
braking torque produced by the MG1 or MG2 and the 
decompression state of the non-operating cylinders of 
the variable-cylinder engine 10, such that the actual de- 
celeration value G of the vehicle coincides with the cal- 10 
culated desired deceleration value G T . Accordingly, the 
vehicle can be decelerated at a value as desired by the 
vehicle operator. 

[0079] In the present embodiment, the drive-power- 
source control means 122 includes the regenerative- 15 
braking-torque control means 128 for controlling the 
amount of regenerative braking torque produced by the 
MG1 or MG2, the decompression-state setting means 
130 for placing the selected ones of the cylinders of the 
variable-cylinder engine 1 0 in the decompression state, 20 
and the decompression-amount control means 132 for 
controlling a resistance of those cylinder to an rotary mo- 
tion of the engine, by controlling the operating timing of 
the intake and exhaust valves or the angle of opening 
of the throttle valve, for example. In this arrangement, 25 
the resistance to the rotary motion of the variable-cylin- 
der engine 10 is increased when the amount of the re- 
generative braking torque produced by the MG1 or MG2 
is reduced, so that the resistance is increased to com- 
pensate for a shortage of the regenerative braking 30 
torque. 

[0080] In the present embodiment, there are provided 
the regenerative-braking-adjustment detecting means 
1 34 for determining whether it is necessary to adjust the 
regenerative braking operation of the MG1 or MG2, and 35 
the lock-up clutch releasing means 136 for placing the 
lock-up clutch 26 disposed between the variable-cylin- 
der engine 10 and the torque converter 14, in its re- 
leased state or partially slipping state, when the regen- 
erative-braking-adjustment detecting means 1 34 deter- *o 
mines that it is necessary to adjust the regenerative 
braking operation of the MG1 or MG2. According to this 
arrangement, a shock that may be caused by the ad- 
justment of the regenerative braking operation of the 
MG1 or MG2 can be absorbed by the torque converter 45 
14. 

[0081] Fig. 22 is a block diagram illustrating other 
functional means of the electronic control device 80. En- 
gine-idling vehicle-stop detecting means 140 indicated 
in Fig. 16 is arranged to determine whether the vehicle 50 
is held stationary with the variable-cylinder engine 10 
being held in an idling state. Partial-cylinder/neutral- 
transmission control means 142 is operable when the 
engine-idling vehicle-stop detecting means 140 deter- 
mines that the vehicle is held stationary with the varia- 55 
ble-cylinder engine 10 being held in the idling state. The 
partial-cylinder/neutral-transmission control means is 
arranged to place the variable-cylinder engine in the 



partial-cylinder operating state, and at the same time 
place the automatic transmission 16 in a neutral state. 
[0082] Engine-stop detecting means 144 is arranged 
to determine whether the variable-cylinder engine 10 is 
at rest or not. Hill-holding means 146 is operable when 
the engine-idling vehicle-stop detecting means 140 de- 
termines that the vehicle is held stationary with the var- 
iable-cylinder engine 10 being held in the idling state, 
and while the engine-stop detecting means 144 does 
not determine that the variable-cylinder engine 10 is at 
rest. The hill-holding means 146 is arranged to activate 
a braking device for braking the vehicle to hold the ve- 
hicle stationary. 

[0083] Partial-cylinder/neutral-transmission condition 
determining means 148 is arranged to determine wheth- 
er it is concurrently possible to place the variable-cylin- 
der engine 10 in the partial-cylinder operating state, 
place the automatic transmission 16 in the neutral state 
and operate the hill-holding means 1 46 for activating the 
braking device to hold the vehicle stationary. When this 
partial-cylinder/neutral-transmission condition deter- 
mining means 148 determines that it is concurrently 
possible to place the variable-cylinder engine 10 in the 
partial-cylinder operating state, place the automatic 
transmission 16 in the neutral state and operate the hill- 
holding means 146 for activating the braking device to 
hold the vehicle stationary, the partial-cylinder/neutral- 
transmission control means 142 places the variable-cyl- 
inder engine 10 in the partial-cylinder operating state 
and at the same time places the automatic transmission 
16 in the neutral state, and the hill-holding means 146 
activates the braking device to hold the vehicle station- 
ary. When the partial -cylinder/ neutral-transmission 
condition determining means 148 does not determine 
that it is concurrently possible to place the variable-cyl- 
inder engine 10 in the partial -cylinder operating state, 
place the automatic transmission 16 in the neutral state 
and operate the hill-holding means 146 for activating the 
braking device to hold the vehicle stationary, full-cylin- 
der operation commanding means 150 places the vari- 
able-cylinder engine 10 in the full-cylinder operating 
state, and the hill-holding means 146 deactivates the 
braking device to release brake application to the vehi- 
cle. 

[0084] Referring to the flow chart of Fig. 23 illustrating 
a part of a control operation of the electronic control de- 
vice 80, this control operation is repeatedly performed 
with a predetermined cycle time. The control operation 
is initiated with SD1 corresponding to the engine-idling 
vehicle-stop detecting means 140, to determine wheth- 
er the vehicle is held stationary with the running speed 
V being zero, and with the variable-cylinder engine 10 
held in the idling state. If a negative decision is obtained 
in SD1 , one cycle of execution of this control routine is 
terminated. If an affirmative decision is obtained in SD1 , 
the control flow goes to SD2 corresponding to the en- 
gine-stop detecting means 144, to determine whether 
the variable-cylinder engine 1 0 is at rest. If an affirmative 
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decision is obtained in SD2, one cycle of execution of 
the present control routine is terminated. If a negative 
decision is obtained in SD2, the control flow goes to SD3 
corresponding to the partial-cylinder/ neutral-transmis- 
sion condition determining means 148, to determine 
whether it is concurrently possible to place the variable- 
cylinder engine 10 in the partial-cylinder operating state, 
place the automatic transmission 16 in the neutral state 
and operate the hill-holding means 146 for activating the 
braking device to hold the vehicle stationary. If a nega- 
tive decision is obtained in SD3, the control flow goes 
to SD4 corresponding to the full-cylinder operation com- 
manding means 150 to place the variable-cylinder en- 
gine 10 in the full-cylinder operating state, and to SD5 
to release the neutral state of the automatic transmis- 
sion. 

[0085] If an affirmative decision is obtained in SD3 in- 
dicated above, he control flow goes to SD6 and SD7 
corresponding to the partial-cylinder/neutral-transmis- 
sion control means 142, to place one of the banks (for 
example, the bank 10A of the variable-cylinder engine 
10 in the operating state and place the other bank (for 
example, the bank 1 0B) in the decompression state, and 
to place the automatic transmission 1 6 in the neutral the 
state, by releasing all of the frictional coupling devices 
except the clutch CO. Then, SD8 corresponding to the 
hill-holding means 146 is implemented to activate the 
braking device for holding the vehicle stationary. In the 
example of Fig. 24, this state is established for a time 
period after a point of time t,. 

[0086] In the present embodiment described above, 
there are provided the engine-idling vehicle-stop detect- 
ing means 140 for determining whether the vehicle is 
held stationary with the variable-cylinder engine 10 be- 
ing held in an idling state, and the partial-cylinder/neu- 
tral-transmission control means 142 operable when the 
engine-idling vehicle-stop detecting means 140 deter- 
mines that the vehicle is held stationary with the varia- 
ble-cylinder engine 10 held in an idling state. The partial- 
cylinder/neutral-transmission control means is arranged 
to place the variable-cylinder engine 10 in the partial- 
cylinder operating state or in the single-bank operating 
state, and at the same time place the automatic trans- 
mission 16 in the neutral state. The fuel economy of the 
vehicle is improved in this arrangement in which the var- 
iable-cylinder engine 10 is operated in the partial-cylin- 
der operating state while at the same time the automatic 
transmission 16 is placed in the neutral state while the 
vehicle is held stationary with the engine 10 held in an 
idling state. Further, the vibration of the variable-cylinder 
engine 1 0 is not transmitted to the vehicle drive wheels, 
and the operating noises of meshing gears under no- 
load condition are reduced. Thus, the present arrange- 
ment reduces the vibration and noises. 
[0087] Further, the present embodiment is provided 
with the engine-stop detecting means 144 for determin- 
ing whether the vehicle is held stationary, and the hill- 
holding means 146 operable when the engine-stop de- 



tecting means 144 does not determine that the vehicle 
is held stationary, for activating the braking device to 
hold the vehicle stationary. Accordingly, the vehicle can 
be held stationary even on a slope, while the automatic 
5 transmission 1 6 is placed in its neutral state with the var- 
iable-cylinder engine 10 placed in the partial-cylinder 
operating state. 

[0088] The present embodiment is further provided 
with the partial-cylinder/neutral-transmission condition 
10 determining means 148 for determining whether it is 
concurrently possible to place the variable-cylinder en- 
gine 10 in the partial-cylinder operating state, place the 
automatic transmission 16 in the neutral state and op- 
erate the hill-holding means 146 to hold the vehicle sta- 
ts tionary. If the partial-cylinder/neutral-transmission con- 
dition determining means 148 determines that it is not 
concurrently possible to place the variable-cylinder en- 
gine 10 in the partial-cylinder operating state, place the 
automatic transmission 16 in the neutral state and op- 
20 erate the hill-holding means 146 to hold the vehicle sta- 
tionary, the variable-cylinder engine 10 is placed in the 
full-cylinder operating state or the two-bank operating 
state. Accordingly, the idling of the variable-cylinder en- 
gine 10 is defected in the full-cylinder operating state, 
25 while the variable-cylinder engine 10 is in a warm-up 
operation (while the engine 10 is still cold), while the en- 
gine 10 is not operable in the partial-cylinder operating 
state due to some defect, wile the automatic transmis- 
sion 16 is still cold, oris not normally placed in its neutral 
30 state due to some defect. 

[0089] Fig. 25 is a schematic view for explaining an 
arrangement of a power transmitting system of a vehicle 
according to a further embodiment of this invention. This 
power transmitting system includes a variable-cylinder 
35 engine 210, a motor/generator MG1 (hereinafter re- 
ferred to as "MG1") selectively functioning as an electric 
motor or an electric generator, a planetary gear device 
214 having a gear train, and a continuously variable 
transmission 216 whose speed ratio is continuously var- 
40 iable. The variable-cylinder engine 210, MG1 , planetary 
gear device 214 and continuously variable transmission 
216 are disposed coaxially with each other. The varia- 
ble-cylinder engine 210 has a pair of banks 21 OA and 
21 0B which are selectively made operable and inoper- 
45 able and have the same number of cylinders that is 
equal to a half of the total number of cylinders of the 
engine. The variable-cylinder engine 210 functions as a 
first driving motor, namely, a primary driving motor, and 
the MG1 functions as a second driving motor, namely, 
so an auxiliary driving motor. The variable-cylinder engine 
210 is operatively connected to a motor/generator 
(hereinafter referred to as H MG2"), which is used to start 
the engine 210 and which selectively functions as an 
electric motor or an electric generator. 
55 [0090] The planetary gear device 214 is a synthesiz- 
ing and distributing mechanism which is arranged to me- 
chanically synthesize forces and distribute a force. The 
planetary gear device 214 includes three rotary ele- 
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ments disposed rotatably about a common axis inde- 
pendently of each other, that is, a large-diameter sun- 
gear 220, a small-diameter sun gear 222 and a ring gear 
226. The large-diameter sun-gear 220 is connected the 
above-indicated engine 10 through a damper device 5 
218 and a first clutch C1. The small-diameter sun gear 
222 is connected to the above-indicated engine 10 
through the damper device 218 and a second clutch C2, 
and an output shaft of the above-indicated MG1 is con- 
nected to the small-diameter sun gear 222. The ring 10 
gear 226 is connected to an input shaft 224 of the con- 
tinuously variable transmission 216. The planetary gear 
device 214 further includes: a carrier 228 whose rotation 
is inhibited by a brake B1 ; large-diameter pinions (plan- 
etary gears) 230 which are disposed between the ring 15 
gear 226 and the large-diameter sun gear 220 and mesh 
with these ring gear 226 and sun gear 220, and which 
are rotatably supported by the carrier 228; and small- 
diameter pinions (planetary gears) 232 which are dis- 
posed between the large-diameter pinions 230 and the 20 
small-diameter sun gear 222 and mesh with these pin- 
ions 230 and sun gear 222, and which are rotatably sup- 
ported by the carrier 228. The first and second clutches 
C1, C2 and brake B1 indicated above are hydraulically 
operated frictional coupling devices each of which in- 25 
eludes a plurality of mutually superposed friction plates. 
Each of these clutches C1 , C2 and brake B1 is engaged 
with the friction plates being forced against each other 
by a hydraulic actuator, and is released with the friction 
plates being moved apart from each other by the hy- 30 
draulic actuator. 

[0091] The planetary gear device 214 and the MG1 
connected to the small-diameter sun gear 214 constitute 
an electric torque converter (ETC) adapted to gradually 
increase the amount of electric energy to be generated 35 
by the MG1 during an operation of the engine 210, that 
is, during rotation of the large-diameter sun gear 220, 
so as to gradually increase a drive torque of the MG1 or 
a reaction force of the small-diameter sun gear 222, for 
thereby smoothly increasing the rotating speed of the 40 
ring gear 226, so as to permit smooth starting acceler- 
ation of the vehicle. Where a gear ratio of the plane- 
tary gear device 214 (which is a ratio of the number of 
teeth of the small-diameter sun gear 222 to that of the 
ring gear 226) is 0.5 as in an ordinary planetary gear 45 
device, the torque of the engine 210 is boosted 
times, for instance, two times, according to a relation- 
ship in which the torque values of the ring gear 226, car- 
rier 228 and large-diameter sun gear 220 are 1/p 1t (1-p^ 
/ p A and 1 , respectively. The thus boosted torque of the so 
engine 210 is transmitted to the input shaft 224 of the 
continuously variable transmission 21 6. In this state, the 
electric torque converter is in a torque boosting mode 
or is considered to be placed in a first gear position 
("I 8 *") having a gear ratio of 1/p v When the clutches C1 55 
and C2 are both engaged, the rotary elements of the 
planetary gear 214 are rotated as a unit. In this state, 
the electric torque converter is considered to be placed 



in a second gear position ( H 2 nd ") having a gear ratio of 1 . 
[0092] The continuously variable transmission 216 
described above includes a pair of variable-diameter 
pulleys 236, 238 mounted on the input shaft 224 and an 
output shaft 234, respectively, and an endless transmis- 
sion belt 240 connecting the pair of variable-diameter 
pulleys 236, 238. This transmission belt 240 functions 
as a power transmitting member for transmitting power 
through a friction between the belt and the variable-di- 
ameter pulleys 236, 238 against which the belt is 
pressed. The pair of variable-diameter pulleys 236, 238 
have respective stationary rotors 242, 244 fixed on the 
respective input and output shafts 224, 234, and respec- 
tive movable rotors 246, 248 which are mounted on the 
respective input and output shafts 224, 234 axially mov- 
ably and not rotatably relative to these shafts 224, 234 
such that the movable rotors 246, 248 cooperate with 
the respective stationary rotors 242, 244 to define re- 
spective V-grooves therebetween. The variable-diame- 
ter pulleys 236, 238 further include respective hydraulic 
cylinders 250, 252 operable to axially move the movable 
rotors 246, 248 with thrust forces, for thereby changing 
the effective diameters of the variable-diameter pulleys, 
to change a speed ratio y (rotating speed of the input 
shaft/rotating speed of the output shaft). 
[0093] The output torque of the output shaft 234 of the 
above-indicated continuously variable transmission 21 6 
is transmitted to a pair of front wheels (drive wheels) 
262, 264 through a speed reducing device 254, a differ- 
ential gear device 256 and a pair of axles 258, 260. In 
the present embodiment, the pair of front wheels 262, 
264 serves as drive wheels. However, rear wheels may 
serve as drive wheels. 

[0094] Fig. 26 indicates gear positions and vehicle 
running modes available for each of the selectively op- 
erated drive power sources or driving motors, in relation 
to respective combinations of the operating states of the 
hydraulically operated frictional coupling devices de- 
scribed above. Fig. 27 is a collinear diagram for explain- 
ing the operation of the planetary gear device 214. In 
bthis collinear diagram, the speeds of the rotary ele- 
ments are represented by respective vertical axes, while 
the gear ratio is represented by a horizontal axis. In a 
reverse-drive position ("Rev"), the direction of rotation 
of the MG1 is reversed, and the reversed rotation is 
transmitted to the small-diameter sun gear 222. In prin- 
ciple, the MG1 assures a sufficient creep force during 
stopping of the vehicle in both of a forward-drive position 
and the reverse-drive position. Except when the MG1 is 
defective, the vehicle can be started by the MG1. If a 
fuel in a fuel cell (not shown) has been exhausted, or if 
an amount of electric energy SOC left in a secondary 
battery (not shown) is almost zeroed, the MG2 provided 
to start the engine 210 is operated to charge the sec- 
ondary battery, thereby permitting the MG1 to start the 
vehicle. When the vehicle is started by the MG1, the 
planetary gear device 214 is placed in a low-speed po- 
sition with the brake B1 placed in the engaged state. 
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When the vehicle running by the MG1 is switched to a 
vehicle running by the variable-cylinder engine 210, the 
MG2 is operated to start the engine 210. When the 
speed of the engine 210 has increased to a synchronous 
level, the clutch C1 is engaged so that the vehicle is driv- 
en, in a second-speed position, by the variable-cylinder 
engine 210. The vehicle can be started by the variable- 
cylinder engine 210, as well. In this case, the vehicle is 
slowly accelerated with the clutch C1 is placed in a slip- 
ping state as long as the vehicle speed is relatively low. 
When the vehicle speed has increased to a compara- 
tively high value, the clutch C1 is brought to its fully en- 
gaged state. The same control arrangement is em- 
ployed for driving the vehicle in the reverse direction. 
Namely, the MG1 operated in the reverse direction pro- 
vides a sufficient creep force, and the variable-cylinder 
engine 210 is started when it becomes necessary to 
drive the vehicle in the reverse direction with a relatively 
large torque. The clutch C1 is placed in the slipping state 
while the reverse running speed is comparatively low. 
The planetary gear device 214 which has been de- 
scribed provides all functions necessary to start and 
drive the vehicle. 

[0095] Fig. 28 shows operating positions of a shift le- 
ver provided in a console box of the vehicle. The oper- 
ating positions of the shift lever consist of: a position P 
for parking the vehicle; a position R for driving the vehi- 
cle in the reverse direction; a position N for placing the 
power transmitting system in its neutral state; a position 
D for driving the vehicle in the forward direction with an 
automatic control of the speed ratio; a position B for ap- 
plying an engine brake to the running vehicle; and a po- 
sition M from which the shift lever is manually shifted in 
a jogging fashion to a position "+" or to change the 
speed ratio during forward running of the vehicle. Fig. 
29 shows a deceleration setting switch 268 of sliding 
type manually operated to control the deceleration value 
or decelerating torque of the vehicle under deceleration. 
According to a position of this deceleration setting 
switch 268, the speed ratio y of the continuously variable 
transmission 216 is controlled to decelerate the vehicle 
at the desired deceleration value. 
[0096] Fig. 30 shows input signals to be received by 
an electronic control device 280 and output signals to 
be generated from the electronic control device 280. For 
example, the input signals to be received from various 
sensors (not shown) include an accelerator opening sig- 
nal indicative of an operating angle 9 ACC of an acceler- 
ator pedal, a vehicle speed signal indicative of an oper- 
ating speed N OUT of the output shaft 21 6 of the contin- 
uously variable transmission 216, a signal indicative of 
a operating speed N E of the engine, a signal indicative 
of a presently selected operating position of the shift le- 
ver, and a signal indicative of the temperature of the 
working fluid in the continuously variable transmission 
216. The output signals to be generated from the elec- 
tronic control device 80 include a fuel injection signal for 
controlling an amount of fuel to be injected from the fuel 



injector valve into each cylinder of the variable-cylinder 
engine 210, signals for controlling shift control valves 
incorporated in a hydraulic control unit, to control the 
speed ratio of the continuously variable transmission 
5 216, and a signal for controlling a belt-force control valve 
incorporated in the hydraulic control unit, to control the 
pressing force of the transmission belt. 
[0097] The electronic control device 280 includes a 
so-called microcomputer incorporating a CPU, a ROM, 
10 a RAM, and an input-output interface. The CPU oper- 
ates to effect signal processing operations according to 
control programs stored in the ROM, while utilizing a 
temporary data storage function of the RAM, for execut- 
ing various control routines such as a drive-power- 
15 source switching control routine, a shift control routine 
for controlling the continuously variable transmission 
216, and a belt-force control routine. For instance, the 
drive-power-source switching control routine is formu- 
lated to select one of an electric-motor operating area 
20 a and an engine operating area (partial-cylinder oper- 
ating area B or a full-cylinder operating area C), on the 
basis of the actual vehicle running speed V and output 
torque (operating amount 9ACC of the accelerator ped- 
al), and according to stored drive-power-source data 
25 maps of Fig. 31 . In the electric-motor operating area A, 
the MG1 is selected as the driving motor to drive the 
vehicle primarily with the MG1. In the engine operating 
area, the variable-cylinder engine 210 is selected as the 
driving motor to drive the vehicle primarily with the var- 
30 iable-cylinder engine 210. The drive-power-source data 
map of Fig. 31(a) is used to select the drive power 
source when the shift lever is placed in the forward-drive 
position, while the drive-power-source data map of Fig. 
31 (b) is used to select the drive power source when the 
35 shift lever is placed in the reverse-drive position. Bound- 
ary vehicle speeds V 3 , V 2 and indicated in Fig. 31, 
which define the electric-motor operating area A and the 
full-cylinder operating area C, have the following 
relationship : V 3 <V 1 < V 2 . 
40 [0098] The shift control routine indicated above is for- 
mulated to control the continuously variable transmis- 
sion 216 selectively in an automatic shifting mode or a 
manual shifting mode. In the automatic shifting mode, a 
desired engine speed N ET is determined on the basis of 
45 the actual vehicle running speed V and operating 
amount 8 ACC of the accelerator pedal, and according to 
a stored predetermined relationship among those pa- 
rameters, which relationship is determined for maximiz- 
ing the fuel economy and optimizing the vehicle driva- 
50 bility. The speed ratio is controlled such that the actual 
engine speed N E coincides with the determined desired 
engine speed N ET . In the manual shifting mode, the 
speed ratio y is changed by moving the shift lever to the 
position "+" or such that the amount of the working 
55 fluid in the input side hydraulic cylinder 250 is adjusted 
to change the speed ratio y by a predetermined amount 
Ay each time the shift lever is moved to the position 
or The belt-force control routine is formulated to cal- 
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35 

culate a basic belt-force control pressure Pbltb on * ne 
basis of the actual input torque T, N and speed ratio y of 
the continuously variable transmission 216, and accord- 
ing to a stored predetermined relationship among those 
parameters, which relationship is determined for mini- 
mizing the pressing force of the transmission belt 240 
while preventing slipping of the belt. A belt-force control 
pressure P BUT obtained by adding a compensation value 
APqlj to the calculated basic belt-force control pressure 
Pbltb is applied to the output side hydraulic cylinder 
252. 

[0099] Fig. 32 is a block diagram illustrating functional 
means of the electronic control device 280. Motor-drive- 
mode detecting means 282 shown in Fig. 32 is arranged 
to determine whether the vehicle is running in a motor- 
drive mode in which the MG1 is operated as the drive 
power source while the MG1 is disconnected from the 
variable-cylinder engine 210 with the clutch C1 placed 
in the released state, for instance. Partial-cylinder oper- 
ation commanding means 284 is operable when the mo- 
tor-drive-mode detecting means 282 determines that 
the vehicle is running in the motor-drive mode. The par- 
tial-cylinder operation commanding means 284 is ar- 
ranged, for instance, to place the variable-cylinder en- 
gine 210 in the partial-cylinder or single-bank operating 
state, for operating the MG2 to generate an electric en- 
ergy to be supplied to the MG1. 

[0100] Shift-position detecting means 286 is arranged 
to determine whether the shift lever is placed in its neu- 
tral position. When the shift-position detecting means 
286 determines that the shift lever is placed in its neutral 
position, the partial-cylinder operation commanding 
means 284 is also operated to place the variable-cylin- 
der engine 21 0 in the partial-cylinder or single-bank op- 
erating state, for operating the MG2 to generate an elec- 
tric energy to be supplied to the MG1. Drive-power- 
source switching means 288 is operable when the mo- 
tor-drive-mode detecting means 282 does not deter- 
mine that the vehicle is running in the motor-drive mode 
with the MG1 operated as the drive power source, or 
when the shift-position detecting means 286 does not 
determine that the shift lever is placed in the neutral po- 
sition. The drive-power-source switching means 288 is 
arranged to select the drive power source, and change 
the number of the operating cylinders of the engine, on 
the basis of the actual vehicle running speed V and out- 
put torque and according to the stored predetermined 
relationship of Fig. 31 . 

[0101] Referring to the flow chart of Fig. 33 illustrating 
a part of a control operation of the electronic control de- 
vice 280, this control operation is repeatedly performed 
with a predetermined cycle time. The control operation 
is initiated with SE1 corresponding to the shift-position 
detecting means 286, to determine whether the shift le- 
ver is placed in the neutral position. If negative decision 
is obtained in SE1 , the control flow goes to SE2 corre- 
sponding the motor-drive-mode detecting means 282, 
to determine whether the vehicle is running in the motor- 



drive mode in which the MG1 is operated as the drive 
power source while the MG1 is disconnected from the 
variable-cylinder engine 210 with the clutch C1 placed 
in the released state. If a negative decision is obtained 
5 in SE2, the control flow goes to SE3 and SE4 corre- 
sponding to the drive-power-source switching means 
288, to select the drive power source, and determine the 
number of the operating cylinders of the engine, on the 
basis of the actual vehicle running speed V and output 
10 torque and according to the stored predetermined rela- 
tionship of Fig. 31, so that the selected drive power 
source is operated, and the engine if selected as the 
drive power source is operated with the determined 
number of the cylinders in the operating state. If an af- 
15 firmative decision is obtained in SE1 or SE2, the control 
flow goes to SE5 corresponding to the partial-cylinder 
operation commanding means 288, to place the varia- 
ble-cylinder engine 210 in the partial-cylinder or single- 
bank operating state, for operating the MG2 to generate 
20 an electric energy to be supplied to the MG1 . 

[01 02] In the present embodiment, the partial-cylinder 
operation commanding means 284 (SE5) is operated, 
upon determination by the motor-drive-mode detecting 
means 282 (SET) that the vehicle is running the motor- 
25 drive mode, to operate the variable-cylinder engine 210 
in the partial-cylinder or single-bank operating state, for 
operating the MG2 to generate the electric energy to be 
supplied to the MG1, so that the fuel economy of the 
vehicle is improved. 
30 [0103] The present embodiment is further arranged 
such that the drive force of the variable-cylinder engine 
210 is transmitted to the drive wheels 262, 264 through 
the continuously variable transmission 216, so that the 
fuel economy of the vehicle is further improved. 
35 [01 04] The present embodiment is further arranged to 
place the input clutch C1 in the released state for dis- 
connecting the power transmitting path between the var- 
iable-cylinder engine 21 0 and the drive wheels 262, 264, 
during operation of the variable-cylinder engine 210 in 
40 the partial-cylinder or single-bank operating state by the 
partial-cylinder operation commanding means 284. 
[0105] Fig. 34 is a block diagram illustrating other 
functional means of the electronic control device 280. 
Regenerative-braking-control detecting means 290 
45 shown in Fig. 34 is arranged to determine whether the 
vehicle is running with a regenerative braking operation 
of the MG1 or MG2 so as to convert a kinetic energy of 
the vehicle into an electric energy for charging the sec- 
ondary battery. Partial -cylinder-operating commanding 
50 and power-transmission restricting means 292 is oper- 
able when the regenerative-braking-control detecting 
means 290 determines that the vehicle is running with 
a regenerative braking operation. The partial-cylinder- 
operating commanding and power-transmission re- 
55 stricting means 292 is arranged to place the variable- 
cylinder engine 21 0 in the partial-cylinder or single-bank 
operating state, and at the same time place the input 
clutch C1 in the slipping or released state, for restricting 
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transmission of a drive force between the variable-cyl- 
inder engine 210 and a drive shaft disposed down- 
stream of the engine 210. Coasting-run detecting 
means 294 is arranged to determine whether the vehicle 
is in a coasting run or in a decelerating state. The partial- 5 
cylinder-operation commanding and power-transmis- 
sion restricting means 292 is operated when the coat- 
ing-run detecting means 294 determines that the vehicle 
is in a coasting run and when the regenerative-braking- 
control detecting means 290 determines that the vehicle 10 
is running with a regenerative braking operation. In this 
case, the variable-cylinder engine 21 0 is operated in the 
partial-cylinder or single-bank operating state, and the 
input clutch C1 disposed between the variable-cylinder 
engine 210 and the downstream drive shaft is placed in 15 
the slipping or released state to restrict transmission of 
the drive force between the engine 210 and the shaft. 
[0106] The partial-cylinder-operation commanding 
and power-transmission restricting means 292 is ar- 
ranged, for instance, to determine an amount of slipping 
of the input clutch, on the basis of the engine torque os- 
cillation amount included in the output torque of the var- 
iable-cylinder engine 210 (amplitude of the oscillating 
component, or a ratio of the amplitude of the oscillating 
component to the DC component), and according to a 
predetermined relationship between the slipping 
amount of the input clutch and the engine torque oscil- 
lation amount, which is formulated such that the slipping 
amount decreases with an increase in the engine torque 
oscillation amount, as indicated in Fig. 35. The actual 
amount of slipping of the input clutch C1 disposed be- 
tween the variable-cylinder engine 210 and the contin- 
uously variable transmission 216 is controlled to be 
equal to the thus determined amount. Fig. 36 shows the 
engine torque oscillation included in the output torque 
of the variable-cylinder engine 210. 
[0107] Drive-power-source switching means 296 is 
operable when the coasting-run detecting means 294 
does not determine that the vehicle is in a coasting run, 
or when the regenerative-braking-control detecting 
means 290 does not determine that the vehicle is run- 
ning with a regenerative braking operation. The drive- 
power-source switching means 296 is arranged, for ex- 
ample, to select the drive power source, and determine 
the number of the operating cylinders, on the basis of 
the actual vehicle running speed V and output torque, 
and according to the stored predetermined relationships 
shown in Fig. 31 , so that the selected drive power source 
is operated, and the engine if selected as the drive pow- 
er source is operated with the determined number of the 
cylinders in the operating state. 

[0108] Referring to the flow chart of Fig. 37 illustrating 
a part of a control operation of the electronic control de- 
vice 280, this control operation is repeatedly performed 
with a predetermined cycle time. The control operation 
is initiated with SF1 corresponding to the coasting-run 
detecting means 294, to determine whether the vehicle 
is in a coasting run. If an affirmative decision is obtained 



in SF1, the control flow goes to SF2 corresponding to 
the regenerative-braking-control detecting means 290, 
to determine whether the vehicle is running with a re- 
generative braking operation of the MG1 or MG2 so as 
to convert a kinetic energy of the vehicle into an electric 
energy for charging the secondary battery. If an affirm- 
ative decision is obtained in SF2, the control flow goes 
to SF3 and SF4 corresponding to the partial-cylinder- 
operating commanding and power-transmission re- 
stricting means 292, to place the input clutch C1 in the 
released or slipping state, and then place one of the 
banks of the variable-cylinder engine 210 in the com- 
pression state, while placing the other bank in the de- 
compression state. In this respect, it is noted that al- 
though it is advantageous to place the input clutch C1 
in the engaged state, for operating the variable-cylinder 
engine 210 with a required minimum torque, in order to 
permit easy starting of the full-cylinder operation of the 
engine 210, the back clearance of the engine is held 
small where the input clutch C1 is held in the released 
state. The input clutch C1 is turned to the engaged state 
immediately after the variable-cylinder engine 210 is re- 
turned back to the two-bank or full-cylinder operating 
state. 

[0109] If a negative decision is obtained in SF1 or 
SF2, the control flow goes to SF5 corresponding to the 
drive-power-source switching means 296, to select the 
drive power source, and determine the number of the 
operating cylinders, on the basis of the actual vehicle 
running speed V and output torque, and according to 
the stored predetermined relationships shown in Fig. 31 , 
so that the selected drive power source is operated, and 
the engine if selected as the drive power source is op- 
erated with the determined number of the cylinders in 
the operating state. 

[0110] In the present embodiment, there are provided 
the regenerative-braking-control detecting means 290 
for determining whether the determine whether the ve- 
hicle is running with a regenerative braking operation of 
the MG1 or MG2 so as to convert a kinetic energy of the 
vehicle into an electric energy, and the partial-cylinder- 
operating commanding and power-transmission re- 
stricting means 292 is operable upon determination by 
the regenerative-braking-control detecting means 290 
that the vehicle is running with a regenerative braking 
operation, for placing the variable-cylinder engine 210 
in the partial-cylinder or single-bank operating state, 
and at the same time placing the input clutch C1 in the 
slipping or released state, for restricting transmission of 
a drive force between the variable-cylinder engine 210 
and the large-diameter sun gear 220 or small-diameter 
sun gear 222 disposed downstream of the engine 210. 
According to this arrangement, the fuel economy of the 
vehicle is improved, and the engine torque oscillation 
and noise are reduced, during running of the vehicle with 
a regenerative braking operation of the MG1 or MG2 so 
as to convert a kinetic energy of the vehicle into an elec- 
tric energy, since the variable-cylinder engine 210 is 
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placed in the partial-cylinder operating state and since 
the transmission of the drive force between the engine 
210 and the downstream drive shaft is restricted. 
[0111] The present embodiment is further provided 
with the coasting-run detecting means 294 for determin- 
ing whether the vehicle is in a decelerating state. Upon 
determination by the coasting-run detecting means 294 
that the vehicle is in a decelerating state, the partial-cyl- 
inder-operation commanding and power-transmission 
restricting means 294 places the variable-cylinder en- 
gine 210 in the partial-cylinder operating state and at 
the same time restrict transmission of the drive force be- 
tween the variable-cylinder engine 210 and the down- 
stream drive shaft. According to this arrangement, the 
fuel economy of the vehicle is improved, and the engine 
torque oscillation and noise are reduced, during decel- 
eration of the vehicle with the regenerative braking op- 
eration, since the variable-cylinder engine 210 and 
placed in the partial-cylinder operating state and since 
the transmission of the drive force between the engine 
210 and the downstream drive shaft is restricted. 
[0112] The present embodiment is further arranged 
such that the drive- power-source switching means 296 
is operated when the vehicle is not in a decelerating 
state or is not running with the regenerative braking op- 
eration. In this case, the switching means 296 deter- 
mines the number of the operating cylinders of the var- 
iable-cylinder engine 21 0 on the basis of the actual run- 
ning speed V and output torque and according to the 
stored predetermined relationships of Fig. 31, for in- 
stance, and operates the variable-cylinder engine 210 
with the determined number of the cylinders placed in 
the operating state. 

[0113] In the present embodiment, the partial-cylin- 
der-operating commanding and power-transmission re- 
stricting means 292 is arranged to determine the 
amount of slipping of the input clutch on the basis of the 
oscillation amount included in the output torque of the 
variable-cylinder engine 210, and according to a stored 
predetermined relationship between these parameters, 
and control the input clutch C1 disposed between the 
variable-cylinder engine 210 and the continuously vari- 
able transmission 210 such that the actual amount of 
slipping of the input clutch is equal to the determined 
amount of slipping. The arrangement advantageously 
restricts the torque oscillation as needed. It is noted that 
the amount of slipping of the clutch 12 shown in Fig. 3, 
rather than the input clutch C1, may be controlled. 
[01 14] It is to be understood that the embodiments of 
the present invention have been described above for il- 
lustrative purpose only, and that various changes may 
be made in the present invention, without departing from 
the spirit and scope of the invention. 



Claims 

1. A control apparatus for a variable-cylinder engine, 



40 

characterized by comprising: 

regenerative-braking-state detecting means 
for detecting a regenerative braking state of a 
5 vehicle; and 

decompression-state setting means for placing 
selected ones of non-operating cylinders of 
said variable-cylinder engine in a decompres- 
sion state, on the basis of the regenerative 
*o braking effect of the vehicle detected by said 

regenerative-braking-effect detecting means. 

2. A control apparatus for a variable-cylinder engine 
to which an electric generator is operatively con- 

15 nected, characterized by comprising: 

electricity-generating-mode determining means 
for determining whether it is required to estab- 
lish an electricity generating mode in which said 
20 electric generator is operated to generate an 

electric energy; and 

cylinder-number switching means, operable 
when said electricity-generating-mode deter- 
mining means determines that it is required to 
25 establish said electricity generating mode, for 

placing said variable-cylinder engine in a par- 
tial-cylinder operating state. 

3. A control apparatus for a vehicle to be driven by 
30 both or one of a variable-cylinder engine and an 

electric generator, as a drive power source, char- 
acterized by comprising: 

vehicle-deceleration detecting means for deter- 
35 mining whether the vehicle is in a decelerating 

state; and 

drive-power-source braking control means, op- 
erable when said vehicle-deceleration detect- 
ing means determines that the vehicle is in a 
40 deceleration state, for controlling a braking 

torque produced by said drive power source, on 
the basis of a regenerative braking torque pro- 
duced by said electric generator, and an 
amount of decompression of non-operating cyl- 
4 5 inders of said variable-cylinder engine. 

4. A control apparatus for a variable-cylinder engine 
to which a transmission is connected, character- 
ized by comprising: 

50 

engine-idling vehicle-stop detecting means for 
determining whether a vehicle is held stationary 
with said variable-cylinder engine being held in 
an idling state; and 
55 partial-cylinder/neutral-transmission control 

means, operable when said engine-idling vehi- 
cle-stop detecting means determines that the 
vehicle is held stationary with said variable-cyl- 
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inder engine being in the idling state, for placing 
said variable-cylinder engine in a partial-cylin- 
der operating state and at the same time plac- 
ing said transmission in a neutral state. 

5 

A control apparatus for a vehicle to be driven by a 
variable-cylinder engine and an electric motor as a 
drive power source, characterized by comprising: 

motor-drive-mode detecting means for deter- to 
mining whether the vehicle is running in a mo- 
tor-drive mode with an operation of said electric 
motor; and 

partial-cylinder operation commanding means, 
operable when said motor-drive-mode detect- 15 
ing means determines that the vehicle is run- 
ning in said motor-drive mode, for placing said 
variable-cylinder operating state. 

A control apparatus according to claim 5, further 20 
comprises power-transmission restricting means 
for restricting transmission of a drive force between 
said variable-cylinder engine and a drive shaft dis- 
posed downstream of said variable-cylinder engine, 
when said motor-drive-mode detecting means de- 25 
termines that the vehicle is running in said motor- 
drive mode. 

A control apparatus for a vehicle to be driven by a 
variable-cylinder engine and an electric motor as a 30 
drive power source, characterized by comprising: 

regenerative-braking-control detecting means 
for determining whether the vehicle is running 
with a regenerative braking operation of said 35 
electric motor so as to convert a kinetic energy 
of the vehicle into an electric energy; and 
partial-cylinder-operation commanding and 
power-transmission restricting means, opera- 
ble when said regenerative-braking-control de- 40 
tecting means determines that the vehicle is 
running with said regenerative braking opera- 
tion of the electric motor, for placing said vari- 
able-cylinder engine in a partial-cylinder oper- 
ating state and at the same time restricting 45 
transmission of a drive force between said var- 
iable-cylinder engine and a drive shaft dis- 
posed downstream of said variable-cylinder en- 
gine. 



55 



22 



EP 1 318 285 A1 




23 



EP 1 318 285 A1 



CN 

CD 



CN 

a 








o 










rS 












O 






o 

1 1 


o 




o 


o 


o 


o 


o 




LLj 




o 




© 










CO 
UJ 










o 








CNi 
UJ 












O 


<j 


< 


m 












© 






o 

CD 




o 












O 


CM 

o 




o 










O 


O 


o 








o 


o 


O 


O 


O 


o 
O 


o 




O 


o 


© 


o 


O 








a: 


2 


to 


-a 
c 

CM 


"2 

CO 




in 



a 

LLi 
CD 
< 
CD 



o 

1 

—I 

a. 
< 

LU 

CD 
UJ 

z 

CD 

LU 

CC 
O 
U_ 

Q 
UJ 

O 
< 



UJ UJ 

O O 



a: 
o 

CL 
UL 
O 

o 

CO 
CO 

CO 

I 

I— 

CD 



eg 

a: 
i— 

o 
o 



Q 
LU 

CD 
< 
CD 

LU 

< 



24 



EP 1 318 285 A1 



FIG. 3 
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FIG. 9 
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FIG. 19 
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FIG. 21 
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FIG. 26 
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